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PREFACE  TO  THE  SECOND  EDITION. 


The  opinion  which  led  the  Author  to  the  production  of  this 
Treatise,  has  been  fully  justified  by  the  rapid  sale  of  its  First 
Edition;  and  this  he  is  much  more  willing  to  impute  to  the 
adaptation  of  its  plan  to  meet  an  existing  want,  than  to  any 
peculiar  merit  in  its  execution.  When  he  sent  forth  his  Volume 
into  the  world,  he  was  by  no  means  disposed  to  over-estimate  its 
merits ;  few  persons  being  more  aware  of  its  defects  than  himself. 
He  was  consequently  prepared  to  expect  unfavourable  criticism  ; 
and  he  was  determined  ppt  to  allow  any  personal  motive  to  inter- 
fere with  his  profiting  by  it.'  The  .'general  opinions  expressed  of 
his  work,  however,  both  by  the  public  press,  and  by  individuals 
well  qualified  to  estimate  its  merits,  have  been,  with  one  excep- 
tion, much  more  favourable  than  he  had  ventured  to  anticipate ; 
and  he  has  had  the  unexpected  gratification  of  receiving  the 
highest  approbation  fi-om  quarters,  in  which  no  personal  regard 
could  have  exerted  any  influence. 

In  the  preparation  of  a  New  Edition,  the  Author  has  used  his 
best  endeavours  to  render  the  work  still  more  worthy  of  the 
favourable  reception  it  has  experienced,  and  to  sustain  the  cha- 
racter it  has  acquired.  The  rapid  progress  of  almost  every 
department  of  Physiological  Science  during  the  interval,  has 
rendered  necessary  a  considerable  amount  of  addition  and  alter- 
ation. This  has  been  especially  the  case  in  the  parts  which 
concern  the  origin  and  formation  of  the  tissues;  on  which 
obscure  subject,  the  researches  of  Schwann,  Schleiden,  and 
others,  have  shed  an  entirely  new  light :  and  also  in  the  history 
of  the  early  processes  of  Animal  development,  which  has  been 
recently  elucidated  by  the  laborious  researches  of  Dr.  Barry. 
The  whole  section  on  Animal  Reproduction,  indeed,  has  been 


re-written,  and  anipliiied  to  an  extent  fully  proportiunal  to  the 
rest  of  the  work ;  principally  from  materials  supplied  by  Prof. 
Owen's  Lectures  at  the  Royal  College  of  Surgeons,  as  reported 
in  the  Lancet.  In  making  this  change  in  the  character  of  his 
Treatise,  the  Author  has  followed  the  advice  of  friends  on  whose 
judgment  he  relied.  The  whole  volume  has  undergone  a  careful 
revision,  both  in  regard  to  matter  and  style  ;  for  assistance  in 
which  he  has  to  express  his  obligations  to  his  friend  Mr.  G.  K. 
Thwaites.  The  Section  on  Animal  Reproduction  has  had  the 
advantage  of  Dr.  Barry's  revision ;  for  which  his  readers,  as  well 
as  himself,  are  much  indebted. 

The  extended  comparison,  into  which  the  Author  has  been  led, 
between  the  processes  of  Reproduction,  as  performed  by  different 
classes  of  organised  beings,  has  opened  to  him  an  interesting  series 
of  analogies,  which  he  believes  to  be  original ;  these  will  be  found 
scattered  through  the  paragraphs  on  the  history  of  Development, 
which  commence  with  ^  613,  and  which  are  referred  to  in  the 
note  to  §  616. 

Conceiving  that  his  general  doctrines  on  this  subject  are 
calculated  to  effect  a  considerable  simplification  in  the  mode  of 
viewing  it.  the  Author  thinks  it  desirable  to  introduce  here  a 
general  summary  of  them,  with  references  to  those  parts  of  the 
test  in  which  they  are  more  fully  expounded. 

1.  The  researches  of  Schleiden,  Schwann,  Barry,  and  others, 
have  shown,  that  all  organised  tissues  take  their  origin  in  cells; 
and  that  the  ordinary  mode  of  increase  of  cells  (whether  animal 
or  vegetable)  is  by  the  development  of  new  cells  within  them, 
from  the  granular  germs  which  they  contain.  These  granules  may 
be  aggregated  into  one  mass,  forming  the  cytoblast  of  Schleiden, 
the  nucleus  of  Schwann ;  or  they  may  be  scattered  through  the 
cell.  Both  these  conditions  are  well  seen  in  the  germinal 
vesicle  of  animals,  as  well  as  in  the  cells  of  plants.  When  the 
new  cells  are  developed  from  one  spot,  the  cytoblast  or  nucleus, 
it  appears  from  Dr.  Barry's  observations,  that  the  granules 
composing  its  periphery  are  first  evolved  so  as  to  form  a  ring 
of  minute  vesicles ;  this  ring  is  afterwards  pushed  out  by  a  later- 
tbrmed  ring,  developed  from  a  circle  of  granules  nearer  the 
centre, — and  this,  in  its  turn,  by  another  ring.  The  cells  first 
generated  subsequently  dissolve  away  again,  their  space  being 
occupied  by  those  formed  at  a  later  period,  which  in  their  turn 
give   place  to  others;   and  those  last  evolved,    which  originate 
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in   the   centre  of  the   nucleus,   are   the   only    penimiient   ones. 
6,^407-9,429. 

2.  The  simplest  fonn  of  Reproduction, — that  which  exists  in 
the  lowest  Crvptooamia, — differs  but  little  from  the  ordinary 
mode  of  multiplication  by  cells.  The  whole  plant  may  consist 
of  a  Teprodnctive  cell,  as  is  the  case  in  the  lowest  AIgs  and 
Fungi;  or  special  reproductive  cells  maybe  evolved  from  some 
particular  portion  of  it.  In  either  case,  the  granules  contained 
in  these  cells  develops  themselves  into  new  cells,  which  are 
capable  of  living  by  themselves :  and  from  these,  in  a  greater 
or  less  time  (according  to  its  degree  of  complexity)  the  new  plant 
is  evolved.  Every  new  cell,  as  it  is  formed,  constitutes  a  part  of 
the  permanent  structure;  and  this  is  composed,  in  the  lower 
Cellular  plants,  of  single  rows  of  vesicles.  In  the  higher  forms 
of  this  division,  however,  the  first  nigus  is  towards  the  develop- 
ment of  a  foliaceous  expansion,  the  whole  of  which  remains  as 
the  permanent  frond  constituting  the  perfect  plant.  This  is  well 
seen  in  the  Hepatica.    §  ^  593-7. 

3.  In  the  highest  Cryptogamia,  such  as  the  Ferns,  the  rcjiro- 
ductive  cells  (or  spores)  form  but  a  very  smalt  proportion  of  the 
whole  structure.  When  these  are  liberated  from  it,  the  first 
nit»»  is  the  same  as  in  the  Hepaticve ;  a  foliaceous  expansion,  con- 
sisting merely  of  cells  developed  from  the  germs  contained  in 
the  reproductive  cell,  is  first  formed,  and  to  this  the  name  of 
primary  frond  has  been  given.  The  permanent  structures,  how- 
ever,— the  stem  bearing  the  rudiments  of  the  true  leaves,  and 
the  true  roots, — originate  only  in  the  centre  of  this.  The 
peripheral  portion,  which  merely  serves  for  the  temporary  support 
of  the  young  plant,  by  absorbing  water,  carbonic  acid,  &c.,  from 
the  air,  then  decays  away.     §§  597,  615. 

4.  In  the  Phankrogamia,  the  germs  of  new  cells,  cont^ned 
in  the  pollen -grains,  are  conveyed,  by  a  peculiar  means,  into 
receptacles,  the  ovules,  which  do  not  exist  in  the  Cryptogamia ; 
in  these  they  are  supplied  with  nutriment  already  prepared  for 
organisation.  Their  first  nixus  of  development  is,  however,  the 
same  as  in  Cellular  Plants.  The  cells  produced  from  the 
granular  germs  contained  in  the  pollen-grain,  compose  a  folia- 
ceous expansion  (the  single  or  double  cotyledon),  which  has  for 
its  object,  as  in  the  Ferns,  the  temporary  support  of  the  young 
plant, — partly  by  the  absorption  of  the  albumen  supplied  to  it  in 
the  ovale,  and  afterwards  by  performing  the  functions  of  leaves 


during  germiDation.  From  the  centre  only  of  this  primary  frond, 
as  in  the  Ferns,  are  the  permanent  structures  evolved  ;  the 
peripheral  portion  soon  disappears.     §  §  599,  600. 

5.  In  all  tribes  of  Animals,  except  the  Sponges,  there  now 
seems  reason  to  believe,  that  two  sets  of  organs,  as  in  the  Phane- 
rogamic Plants,  are  concerned  in  the  Reproductive  process.  One 
set  furnishes  the  Spermatozoa,  which  are  probably  to  be  regarded 
as  analogous  to  pollen -grains, — containing  the  granular  germs  of 
new  cells,  and  having  the  power  of  conveying  them  to  the  ovules; 
their  power  of  movement  is  not  an  evidence  of  their  independent 
vitality,  but  is  rather  to  be  compared  with  that  which  cilia  possess. 
The  ovules  are  analogous  in  general  structure  to  those  of  Plants ; 
being  principally  occupied  with  nutritious  matter — the  yolk, — for 
the  support  of  the  new  fabric.  It  is  curious  that,  in  Plants  as 
well  as  in  Animals,  a  cellular  organisation,  which  afterwards 
disappears,  should  be  visible  in  this  matter,  previously  to  the 
introduction  of  the  germ  into  the  midst  of  it,     ^|  604-613. 

6.  The  earliest  nisus  of  the  development  of  the  germ  in 
Animals,  is  the  extension  of  the  periphery  of  the  mass  of  cells 
first  produced,  into  a  membrane,  which  encloses  the  yolk.  Aa 
additional  layer  is  subsequently  formed  internally  to  this,  pro- 
ceeding from  a  part  of  the  germinal  mass  nearer  to  its  centre. 
The  sac  thus  formed  is  the  simplest  condition  of  a  stomach, — the 
most  characteristic  structural  distinction  between  Plants  and 
Animals.  In  the  Badiata,  the  whole  of  this  first-formed  struc- 
ture is  persistent ;  the  exterior  layer  constituting  the  permanent 
envelope  of  the  body,  and  the  interior  the  lining  of  the  stomach, 
§%  614-620. 

7.  In  the  Ahticdlata  and  Mollusca,  also,  the  germinal 
membrane,  which  is  an  extension  from  the  peripheral  portion  of 
the  iirst-formed  mass  of  cells,  remains  as  a  component  of  the 
perfect  structure;  its  outer  layer  forming  the  integument,  and 
its  inner  layer  giving  origin  to  the  viscera.  From  the  central 
cell  of  the  germinal  mass,  however,  the  organs  of  animal  life 
originate ;  the  predominance  of  these  early  manifests  itself  in 
the  Articulata ;  as  does  that  of  the  organs  of  nutrition,  developed 
from  the  peripheral  portioQ  of  the  germinal  mass,  in  the  Mollusca, 
§§631,632,634,637,640. 

8.  In  the  Vertebeata,  the  whole  of  the  first-formed  structure 
is  completely  transitory  in  its  character,  like  the  cotyledons  of 
Plants.     It  serves  to  absorb  the  nutriment  supplied  by  the  yolk. 


Hid  to  assimilate  it  for  the  embryo,  which  lakes  its  origin  entirely 
1  the  central  cell.  Even  of  the  nucleus  of  the  central  cell,  the 
peripheral  part  goes  to  form  a  structure  which  is  mostly  of 
temporary  importance, — the  inner  layer  of  the  germinal  mem- 
brane; only  a  small  part  of  which  enters  into  the  permanent 
fabric.  In  the  Mammalia,  the  yolk-bag  Is  completely  separated 
at  an  early  period  ;  so  that  the  function  of  the  peripheral  portion 
of  the  germinal  mass  is  still  more  transitory  than  elsewhere.  All 
the  organs  oi  Animal  life,  which  in  this  group  attain  so  high  a 
development,  are  developed  from  the  central  part  only  of  the 
nucleus  of  the  central  coll  of  the  germinal  mass.  This  is  the 
latest  portion  of  the  whole  to  undergo  evolution  ;  but  to  its 
development,  the  evolution  of  all  the  rest  is  subservient.  §^  651- 
158. 
9.  Thus  when  we  ascend  the  scale  of  being,  in  either  of  the  two 
nised  kingdoms,  we  observe  the  principle  of  specialisation 
irkably  illustrated,  in  the  development  of  the  germ  into  the 
rfect  structure.  In  the  lowest  of  each  kind,  the  firat-fonned 
nembranous  expansion  has  the  same  character  throughout,  and 
[he  whole  enters  into  the  fully -developed  structure.  In  higher 
rades,  the  whole  remains,  but  the  organs  evolved  from  the 
Kntre  have  evidently  the  most  elevated  character.  In  the  highest, 
bone  hut  the  most  central  portion  is  persistent ;  the  remainder 
J  organs  of  a  temporary  and  subservient  nature.  Even  in 
9ie  earliest  period  of  the  history  of  development,  there  is  a 
marked  difference  between  the  Animal  and  the  Vegetable  germ. 
The  membranous  expansion  that  is  formed  by  the  latter  gra- 
dually absorbs  by  its  outer  surface  the  nutriment  provided  for  it 
in  the  ovum  ;  and  this  it  may  or  may  not  incorporate  completely 
■with  its  own  substance.  But  the  germinal  membrane  of  the 
former  is  so  developed  at  the  first,  as  to  enclose  the  yolk  in  a 
cavity,  which  is  to  be  regarded  as  a  stomach.  This  cavity, 
although  serving  but  a  temporary  purpose  in  the  higher  animals, 
is  permanent  in  the  lower ;  and  it  is  through  its  inni^  surface  that 

»alt  absorption  of  aliment  takes  place. 
The  following  list  of  important  additions  and  alterations  will 
serve  to  direct  the  Reader  of  the  previous  Edition  to  the  chief 
novelties  contained  in  the  present  one.  The  paragraphs  marked  * 
are  altogether  new,  or  very  nearly  so ;  and  the  others  have  been 
improved  in  some  considerable  degree  : — 
§^21*,  23,  26*,  32,  35*  39*,  40*— 44*,  45—47,  48*— 5a*,b\, 


63, 64, 66*,  67*,  68, 69,  73*,  94,  97*,  98*,  101,  105, 106,  1 14,  128.J 
129,  131,  135,  140,  145,  147,  148,  151,  153,  155,  156*,  178,  186*, 
191*,  193,  194*  203,  206,  208*,  213,  214*,  215,  231,  235*  236, 
237,  238*,  239,  240,  241,  244,  277,  284,  285*  286*  312*  331* 
334,  337*,  338*  346*— 361*,  355,  360  m,  361,  362,  404*  407*— 
411*,  421,  427*— 433*,  435,  436,  467  b,  473,  483,  512,  529,  534, 
644,  545,  550*,  651,  586,  587,  601  []*,  605*— 665*,  670 n*,  688, 
689,  692n,  696,  697*  698*,  700*.  704*  712*.  714*  716,  725*, 
735*_7*. 

The  author  has  only  to  add  that,  in  a  work  compreheading  so 
large  a  mass  of  details,  many  of  which  he  has  not  had  the  oppor- 
tunity of  verifying  for  himself,  it  can  scarcely  be  expected  that 
no  errors  should  exist.  He  has  endeavoured  in  every  instance  to 
select,  amongst  conflicting  statements,  that  which  seemed  most 
conformable  to  known  principles,  and  was  supported  by  the 
authority  which  was  to  his  own  mind  most  satisfactory.  He  will 
always,  however,  be  open  to  correction ;  and  will  gladly  avail 
himself  of  any  that  may  be  offered  him.  Truth  is  his  only  object; 
and,  even  if  his  own  doctrines  should  be  overthrown  by  more 
extended  researches,  he  will  rejoice  in  theirdemolition,  ashe  would 
in  that  of  any  other  error.  The  character  of  the  true  philosopher 
as  described  by  Schiller,— one  who  has  always  loved  truth  better 
than  his  system, — will  ever,  he  trusts,  be  the  goal  of  his  intellec- 
tual ambition.  He  would  further  mention  that,  in  treating  of  one 
or  two  subjects,  which  are  at  present  a  matter  of  personal,  rather 
than  of  scientific,  discussion,  he  has  purposely  avoided  alluding 
to  the  names  of  the  disputants ;  believing  it  desirable  to  keep  his 
Treatise  clear  of  all  such  unscientific  topics. 


Briatol,  September  7. 1841. 


FROM  THE  PREFACE  TO  THE  FIRST  EDITION. 


HowEV£R  trite  may  be  the  reason  so  coininonly  assigned  by 
writers  on  any  subject  for  presenting  themselves  to  the  public, 
the  Author  is  not  disposed  to  omit  its  mention  as  regards  himself. 
During  the  course  of  his  Physiological  studies,  he  has  felt,  in 
common  with  many  others,  the  want  of  a  Treatise  which  should 
give  a  comprehensive  view  of  the  Science,  embracing  whatever 
general  principles  may  be  regarded  as  firmly  established,  and 
illustrating  them  as  fully  as  could  be  done  within  moderate  limits, 
yet  without  distracting  the  attention  by  profuseness  of  detail. 
He  has  long,  therefore,  kept  in  view  the  production  of  such  a 
work  as  the  present,  should  it  not  be  anticipated  by  some  other 
on  the  same  plan ;  and  in  now  deciding  upon  its  publication,  he 
has  been  influenced  by  the  opinions  of  individuals  of  high  eminence 
as  Teachers  of  Physiology,  as  well  as  by  the  encouragement  he 
has  received  from  some  who  take  an  elevated  station  in  Physical 
Science,  and  who  have  experienced  the  same  deficiency. 

It  is  now  generally  acknowledged,  that  Physiology  can  only  be 
properly  studied  by  a  constant  reference  to  the  comparative  struc- 
ture and  functions  of  many  difierent  classes  of  Animals ;  and  in 
most  of  the  recent  works  on  this  Science,  an  outline  of  the 
development  and  actions  of  each  system  in  the  inferior  tribes  is 
prefixed  to  the  details  relating  to  its  condition  in  man.  This 
outline  is  filled  up  in  the  present  volume,  not  only  by  amplifying 
the  portion  of  it  which  relates  to  the  Animal  Kingdom,  but  also 
by  the  introduction  of  a  similar  view  of  the  comparative  struc- 
ture and  functions  of  Vegetables,  which  are  here  shown  to  be 
governed  by  the  same  laws.  It  is  this  which  constitutes  the 
peculiar  feature  of  the  work ;    as  the  author  believes  it  to  be 
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the  first  attempt,  in  this  country  at  least,  to  form  anything  like 
a  systematic  Comparative  Physiology  of  Vegetables.  The  trans- 
lation of  the  elaborate  Comparative  Physiology  of  Tiedemann 
would,  indeed,  have  occupied  this  ground ;  but  it  is  still  incom- 
plete, and  is  likely  to  remain  so ;  and  the  mass  of  details  which 
it  embraces,  unconnected  by  comprehensive  principles,  renders  it 
most  tedious  and  embarrassing  to  the  student.  From  that  most 
valuable  storehouse  of  facts,  the  present  volume  differs  essen- 
tially, therefore,  in  plan;  this  being  devoted  to  the  explanation 
and  illustration  of  general  laws. 

Although  his  work  is  especially  intended  as  an  Introduction 
to  the  study  of  Human  Physiology  for  the  use  of  the  Medical 
Student,  the  author  has  kept  in  view  the  wants  of  the  General 
Reader,  to  whom  he  hopes  to  make  intelligible  some  of  the 
highest  doctrines  in  this  most  interesting  science.  For  this 
purpose  he  has  given  explanations  of  most  of  the  scientific  terms 
employed,  in  the  situations  wh^re  they  could  be  most  appro- 
priately introduced ;  and  reference  to  them  is  facilitated  by  the 
copiousness  of  the  Index,  which  thus  serves  the  purpose  of  a 
Glossary. 

The  desire  which  he  has  felt  to  moderate  the  extent  of  the 
volume,  and  to  make  it  generally  acceptable  both  in  size  and 
price,  has  compelled  the  Author  unwillingly  to  omit  the  greater 
number  of  references  which  he  had  designed  to  introduce,  and 
which  his  own  experience  leads  him  to  consider  as  of  importance 
in  a  work  like  the  present.  He  has,  however,  retained  those 
which  concern  insulated  Memoirs  on  particular  subjects,  or  facts 
of  novel  and  peculiar  interest. 


November,  1838. 


ANALYSIS  OF  THE  CONTENTS. 


N.B.  The  Numbers  refer  to  the  Paragraphs. 


INTRODUCTION.— ON  ORGANISED  STRUCTURES. 
1, — Preliminary  Remarks^  1 — 8. 

On  the  Nature  and  Objects  of  the  Science  of  Phjsiology.— Di£5cultie8  in  the  way 
of  its  advancement.— True  mode  of  pursuing  it. 

II. — Of  Organised  Structures  in  General^  8 — 20. 

The  object  of  this  Section,  taken  in  connection  with  Chapter  I.  (Book  I),  is  to 
show  the  relations  between  Life,  or  Vital  Action,  and  Organised  Structure.  The 
argument  may  be  thus  briefly  stated. — The  properties  of  any  aggregation  of  Matter 
depend  upon  the  mode  in  which  its  ultimate  molecules  are  combined  and  arranged, 
and  have  not  an  existence  separate  from  the  matter  itself  (184).  The  simplicity  of 
our  notion  of  the  properties  of  inorganic  matter  depends  upon  the  &cility  with  which 
we  may  become  acquainted  with  them,  through  the  command  which  we  possess  oyer 
the  agencies  by  whose  operation  they  are  manifested ;  and  their  evident  uni/ormitif  of 
action  enables  us  at  once  to  refer  them  to  definite  and  comprehensive  laws  (4,5,175). 
These  Laws  simply  express  the  conditums  qf  action  of  the  material  bodies  which  they 
concern  (181,  182).  All  Physical  Phenomena  result  from  the  excitement  of  the 
physical  properties  of  matter  by  external  agents ;  and,  when  these  are  not  in  opera- 
tion, no  change  takes  place  (1, 10, 1 1, 1 78).  In  like  manner.  Vital  Actions  result  ftova. 
the  excitement  of  the  vital  properties  of  certain  forms  of  matter,  by  external  agents  or 
stimuli ;  and  are  not  manifested,  or  called  into  play,  without  the  influence  of  these 
(11, 178, 190).  These  Vital  properties  exist  only  in  organised  tissues,  and  stand  in 
the  same  relation  to  them  as  do  the  Physical  properties  to  matter  in  general  (174,  203). 
They  may  be  regarded  as  essentially  dependent  on  the  peculiar  state  in  which  the 
component  particles  exist.  This  state  can  only  be  induced  by  an  action  of  Organ- 
isaHon  effected  upon  inorganic  matter  by  a  pre-existing  structure;  and  the  change 
thus  operated  developes  properties  that  previously  lay  dormant,  the  material  particles 
not  being,  until  then,  in  the  condition  required  to  exhibit  them  (11, 185-7).  In 
proportion  as  the  properties  thus  called  into  exercise  differ  from  those  common  to 
matter  in  general,  does  the  organised  tissue  which  possesses  them,  exhibit  pecu- 
liarities of  structure  and  composition  imlike  those  presented  by  other  forms  of  matter 
(12,  20,  196).  These  peculiarities  are  such  that  spontaneous  decomposition  of  the 
elements  has  a  constant  tendency  to  take  place,  especially  in  the  most  highly 
organised  structures ;  but  this  is  kept  in  check,  in  the  living  body,  by  the  continual 
renovation  which  is  characterestic  of  Vital  Action  (19,  256,  274).  So  long  as  this  takes 
place,  the  vital  properties  are  retained ;  but  if  any  considerable  alteration  of  structure 
or  composition  occur,  they  are  perverted  or  altogether  destroyed  (187 — 9).  All  Vital 
Action,  therefore,  is  dependent  on  two  conditions ; — an  organised  structure  possessed 
of  properties  not  manifested  by  inorganic  matter ;  and  a  stimulus  by  which  these 
properties  are  excited  to  action.  Bat  many  of  the  changes  concerned  in  the  maintenance 
of  Life  are  of  a  strictly  physical  character ;  and  it  is  by  these  that  the  connection  is 
effected  between  the  Oiganism  and  the  external  world  (196 — 202). 

c  2 


XVI 


ANALYSIS    OF   THE    CONTENTS. 


N.B. — The  Numbers  refer  to  the  Paragraphs. 
III. — Elementary  Structure  of  Vegetables. 


Membrane  and  Fibre     23 

Cellular  Tissue 26 

Dotted  ducts  29 

Ligneous  Tissue,  or  Woody  Fibre    30 


Vascular  Tissue 31 

Ducts,  spiral  and  annular  ...  32 
reticulated 34 

Laticifbrous  Tissue    35 


IV. — Elementary  Structure  of  Animals,  37. 


Adipose  Tissue     38 

Vesicular  Tissues   40 

Epidermic  Tissues  41 

Cartilage 46 

Bone   47 

Teeth     60 


Cellular  Tissue 65 

Serous  Membranes 68 

Fibrous  Membranes    60 

Mucous  Membranes    61 

Muscular  Tissue     63 

Nervous  Tissue   68 


V. — Transformation  of  Tissues,  70 — 73. 
VI. — General  View  of  the  Vegetable  Kingdom,  74 — 102. 


PHANEROGAMIA   75 

Structure  of  Sieeds 76 

Exogens  (Oak,  Rose,  Bean)    77 

Structure  of  Stem  77 

Endooens  (Palms,  Lilies,  Grasses)  ...  78 

Structure  of  Leaves  79 

Flower  80 

Gymnospermse  ( Pine,  Zamia) 83 

Rhizanthese  (Rafflesia) 84 


CRYPTOGAMIA   76 

FiLiCES  (Ferns) 86 

Musci  (Mosses) 87 

Hepaticffi  (Liver- worts)     89 

Characeie  (Stone- worts)    90 

Fungi  (Mushroom,  Mildew)    92 

Spontaneous  Origin?     93 

LicHENES  (Lichens)  99 

Alg-b  (Sea- weeds,  Confervae)  100 


Mil,— General  View  of  the  Animal  Kingdom,   103—7,  157,  158. 


VERTEBRATA  

Mammalll  (Quadrupeds) 

AvES  (Birds)    

Reptilia  (Reptiles)    

Metamorphosis 

Pisces  (Fishes)    


ARTICULATA  

Crustacea  (Crab,  Lobster)   

Arachnida  (Spider,  Mite)     

Insecta  (Insects)    

Larva  and  Pupa  

MYRLA.PODA  (Centipede)     

Annelida   (Nereis,   Leech,   Earth- 
worm)     

CiRRHOPODA  (Barnacles)    

Rotifera  (Wheel- Animalcules)  ... 
Entozoa  (Ascaris,  Taenia)  

Comparison  of  Animal 


106 
108 
109 
110 
113 
114 

115 
117 
118 
119 
120 
123 

124 
125 
126 
127 


MOLLUSCA  131 

Cephalopoda  (Cuttle-fish,  Nautilus)  1 32 

Pteropoda  (Clio,  Hyalsea)  134 

Gasteropoda  (Snail,  Slug,  Cowrie)  135 

CoNCHiFERA  (Ojster,  Pecten)  138 

TuNiCATA  (Ascidia,  Pjrosoma) 140 


RADIATA  

Echinodermata  (Sea-Urchin,  Star- 
fish)    

AcALEPHis  (Medusa,  Beroe)  

PHYTOZOA 

Cilia  

PoLYGASTRiCA  (Infusorial  Animal- 
cules)      

PoLYPiPERA  (Zoophytes)   

PoRiFERA  (Sponges)    


141 

142 
144 
145 
146 

147 
149 
165 


and  Vegetable  Kingdoms,  159 — 166. 


VIII. — Symmetry  of  Organised  Structures,  1 66 — 1 73. 


ANALYSIS    or   THE    CONTENTS. 


XVU 


N.B. — ^The  Numbers  refer  to  the  Paragraphs. 
BOOK  I.— GENERAL  PHYSIOLOGY. 

CHAPTER   L — ON    THB  NATURB  AND   CAU8B8   OP   VITAL   ACTIONS,   174 — ^203. 

See  Introduction,  Section  II. 


CHAPTER  n. 


VITAL  STIMULL 


General    Considerations  ........        204 

Of  Heat  as  a  Vital  Stimulus 209 

Of  JAgJU  as  a  Vital  Stimulus '     .  .  .  .  .  .216 

Of  Electricity  as  a  Vital  Stimulus  ......        224 

Physical  Conditions  of  the  surrounding  medium  .....        227 

CHAPTER  m. — GENERAL  LAWS  OP  ORGANIC  DEVELOPMENT,  229—252. 
CHAPTER  IV. — GENERAL  VIEW  OP  THE  PUNCTIONS,  253^272. 

BOOK  II.— SPECIAL  AND  COMPARATIVE  PHYSIOLOGY. 


CHAPTER   v.— ON  THE  INGESTION   AND   ABSORPTION  OP   ALIMENT. 

tieneral  Considerations    • 

£ndosmose    .... 
Absorption  in  Vegetables 
Absorption  in  Animals     . 

Process  of  Digestion 

CHAPTER  VL— ON   THE  CIRCULATION    OP   NUTRITIVE  FLUID. 

General  Considerations    ....... 

Circulation  in  Vegetables  ...... 

Circulation  in  Animals     ....... 

CHAPTER   Vn.^-0N   INTER8TITUL  ABSORPTIOf^ 

Lymphatic  system  of  Animals      ...... 

CHAPTER  Vin.^-0N  THE   NUTRITION  AND   FORMATION  OP  TISSUES. 

General  Considerations  . 
Nutrition  in  Vegetables    . 

Origin  of  Cells  . 
Nutrition  in  Animals 

Origin  of  Cells  . 


273 
288 
290 
301 
303 


325 
327 
336 


384 


394 
397 
407 
413 
427 


CHAPTER   IX. — ON    RESPIRATION. 

General  Considerations     ....... 

Respiration  in  Vegetables  ...... 

Respiration  in  Animals    ....... 

CHAPTER   X.— ON    THE  EXHALATION  OP  AQUEOUS  VAPOUR. 

General  Considerations     ....... 

Exhalation  in  Vegetables  ...... 

Exhalation  in  Animals     ...... 


435 
440 
453 


494 
495 
501 


XVlll 


ANALYSIS    OF  THE    CONTENTS. 


N.B. — ^The  Numbers  refer  to  the  Paragraphs. 

CHAPTER  XL— ON  THE  SECRETIONS  IN  GENERAL. 

General  Considerations    ......* 

Secretion  in  Vegetables   .....•• 

Secretion  in  Animals       ......* 


508 
511 
524 


CHAPTER  Xn. — EVOLUTION    OP  LIGHT,  HEAT,  AND  ELECTRICITY. 

Evolution  of  lAght,    General  Considerations 
—————  in  Vegetables 
— — — ^  in  Animals     . 
Evolution  of  Heat.    General  Considerations 
—————  in  Vegetables 

—  in  Animals     . 

Evolution  of  Electricity,    General  Considerations 

in  Vegetables 

■ in  Animals 


541 
542 
543 
548 
549 
552 
568 
571 
573 


CHAPTER   Xm.— ON  THE  REPRODUCTION  OP  ORGANISED  BEINGS. 

General  Considerations    ....... 

Reproduction  in  Vegetables         ...*.. 
Reproduction  in  Animals  ...... 


583 
592 
602 


CHAPTER  XIV. — SUBORDINATE  LAWS  REGULATING  REPRODUCTION. 


Distinction  of  Species       .... 
Laws  of  H jbriditj  .... 

Hereditary  Transmission  of  acquired  peculiarities 


669 
671 


CHAPTER   XV.— SENSIBLE  MOTIONS  OF  LIVING  BEINGS. 


Of  Contractility  in  General 

Manifestations  of  Contractility  in  Vegetables 

Muscular  Contractility  in  Animals 


677 
678 
684 


CHAPTER  XVL — FUNCTIONS  OP  THE  NERVOUS  SYSTEM. 


General  Characters  in  different  Classes  of  Animals 

Functions  of  the  Symmetrical  (cerebro-spinal)  system 

Functions  of  the  Asymmetrical  (sympathetic  or  ganglionic)  system 


686 
724 
739 


CHAPTER  XVn. — OF  THE  MARKS  OF  DESIGN  IN  ORGANISED  STRUCTURES. 

Final  Causes        .........        740 

Inferences  of  Design  to  be  rather  drawn  from  laws  than  from  individual /acfo    .        742 


EXPLANATION  OF  THE  PLATES. 


N.B.  When  no  paragraph  is  referred  to,  the  one  last  named  is  understood. 


PLATE  I. 

Vegetable  Tissues, 

FIG. 

1.  Membranous  cellular  tissue,  §  25. 

2.  Cubical  and  prismatical  cellular  tissue. 

3.  Muriform  tissue  of  medullary  rays,  §  25,  77,  330. 

4.  Tubular  form  of  the  same,  from  a  fossil  wood. 

5.  Fibrous  cellular  tissue,  from  Orchxdeous  plant,  §  27. 

6.  Dotted  cellular  tissue  from  the  same, — a,  showing  merely  dots, — 6,  exhibiting  tniccs 

of  spiral  fibre. 

7.  Section  of  a  duct  from  fossil  wood,  showing  remains  of  partitions,  §  29. 

8.  Dotted  duct  formed  by  aggregation  of  dotted  cells. 

9.  Simple  duct  formed,  in  like  manner,  from  simple  cells. 

10.  Woody  fibres  clustered  in  a  bundle,  §  30. 

11.  Glandular  woody  fibre  of  Coniferous  wood,  §  30,  83. 

12.  Spiral  vessel  with  single  fibre,  §  31. 

13.  Spiral  vessel  of  Nepenthes  with  quadruple  coil. 

14.  Spiral  fibres  drawn  out  of  the  vessels. 

15.  Annular  duct,  exhibiting  remains  of  spiral  fibre,  §  32. 

16.  Close  spiral  duct,  showing  interstices  between  adhesion  of  spiral  fibre,  §  33. 

17.  Reticulated  duct,  §  34. 

18.  Dotted  duct  formed  on  the  type  of  the  vascular  system. 

Animal  Structures, 

19.  Tracheae  of  Insects,  §  31,  462. 

20.  Spiral  cartilage  from  trachea  of  Dugong,  §  32. 

21.  Dilated  Air-sacs  of  Bombtis  terrestris,  Humble-Bee,  §  33,  463. 

22.  Appearance  of  the  membrane  lining  Air-sacs,  §  33. 

23.  Bronchial  tubes  of  human  lung,  §  34. 

24.  Arrangement  of  fibres  in  tendon,  with  muscular  fibre,  §  60. 

25.  Arrangement  of  fibres  in  elastic  tissue  of  ligamentvm  nucha. 

26.  Single  muscular  fibre  from  voluntary  muscle,  §  64. 

27.  Muscular  structure  of  organic  life,  not  united  into  fibres,  §  65. 

28.  Varicose  nerve  tubes  of  the  brain,  §  68. 

29.  Cylindrical  tubuli  of  nervous  fibres. 

Vegetable  Structures, 

30.  Horizontal  and  vertical  sections  of  an  Exogenous  stem  of  3  years  growth ;  a,  pith  ; 

b,  5,  spiral  vessels  constituting  medullary  sheath  ;  c,  c,  dotted  ducts;  d,d,  woody 
fibre ;  e,  e,  bark,  §  77. 

31.  Horizontal  and  vertical  sections  of  an  Endogenous  stem  ;  a,  a,  cellular  tissue ;  6,  b, 

spiral  vessels  *,  c,  c,  ducts ;  </,  d,  woody  fibre,  §  78. 

PLATE  IL 

32.  Seed  oi Monocotyledon  (Scirpus  supinus);  a,  embryo;  ^,  albumen,  §  7(>. 
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FIG. 

33.  Germination  of  ditto ;  a,  plumula  *,  b,  cotyledon ;  c,  radicle. 

34.  Seed  of  Dicotyledon  (Bean) ;  a,  a,  cotyledons;  6,  plumula ;  c,  radicle. 
36.  Grermination  of  ditto. 

36.  Vertical  section  of  Fossil  wood,  crossing  direction  of  Medullary  Rays ;  a,  dotted 

duct,  with  remains  of  partitions ;  6,  6,  woody  fibres ;  c,  c,  cut  ends  of  Medullary 
rays,  §  77. 

37.  Different  forms  of  leaves  exhibiting  the  same  character  of  venation^  §  79. 

38.  Forms  of  anthers ;  a,  lily ;  6,  lemna ;  c,  potato ;   </,  berberry  ;  e,  ginger ;  /,  sage, 

§81. 

39.  Pistil  of  Coriaria  myrtifolia,  showing  distinct  carpels  and  styles. 

40.  Carpel  of  double  Cherry ;  a,  natural  form,  and  section  showing  position  of  ovules ; 

6,  monstrous  form  of  ditto. 

41.  Section  of  pistil  of  Vaccinium  amcenum ;  a,  calyx ;  6,  ovarium  ;  c,  style ;  d,  stigma. 

42.  Section  of  ovarium  of  Thamnea  uniflora ;  a,  calyx ;  6,  ovarium. 

43.  Transverse  section  of  ovarium  of  Viola  tricolor  (heartsease). 

44.  Flower  of  Rafflesia  Amoldi^  §  84. 

45.  Portion  of  stem  of  Tree-Fem;  a,  o,  scars  of  fallen  leaves,  §  86. 

46.  Thecae  of  Fern;  a,  closed ;  6,  open,  and  dispersing  spores. 

47.  Sori  on  fronds  of  Ferns ;  a.  circular ;  6,  elongated. 

48.  Fronds  of  Ophioglossum  (adderVtongue) ;  a,  sterile  or  leafy ;  b,  fertile  or  sporuli- 

ferous. 

49.  Theca,  &c.  of  Moss;  a,  theca ;  6,  operculum ;  c,  peristome  ;  d,  columella,  §  87. 

50.  Gemmae  of  Marchantia ;  a,  early  state ;  6,  commencing  to  form  roots,  §  89,  219. 

51.  Advanced  bud,  self-inverted,  with  stomata  above,  and  roots  below,  §  219. 

52.  Section  of  Stoma  and  air-chamber  of  Marchantia ;  a,  rings  of  cells,  §  496. 

53.  Felta  of  Marchantia,  bearing  thecae  associated  at  their  bases,  §  61  *,  a,  b,  c,  early 

development  of  the  spores. 

54.  Stem  and  branches  of  Nitella  flexilis,  90. 

55.  Diagram  of  circulation  in  ditto ;  a,  imaginary  transverse  section  of  tube  ;  b,  globules 

in  circulation  ;  c,  the  same  adherent,  §  405. 
bQ.  Simple  forms  of  Fungi ;  a,  Monilia  glauca ;  6,  Aspergillus  penicillatus,  §  92. 

57.  One  of  the  highest  tribe,  Amanita  muscaria ;  a,  pileus,  with  its  laminae  or  gills ; 

6,  portion  of  hymenium,  with  c,  the  asci  or  sporuliferous  tubes,  §  92,  596. 

58.  Lichen  cupularis  (cup-moss),  with  section  showing  position  of  sporuliferous  tubes, 

§  99, 

59.  Red  snow  (Protococcus  nivalis)  ;  a,  o,  vesicles  containing  germs ;  6, 6,  the  same  after 

their  rupture ;  c,  the  liberated  germs  becoming  developed,  §  91,  100, 593. 

60.  Vesicles  of  Diatoma  tenue,  united  and  separating,  §  1 00,  588. 

61.  Filaments  of  Conferva  rivularis;  a,  magnified  vesicles  of  Conferva  csrea,  emitting 

germs,  §  100,  594. 

62.  Development  of  these  germs  *,  a,  6,  c,  successive  stages. 

63.  Early  development  of  spores  of  Fern;  a,  b,  c,  successive  stages,  §  597. 

64.  Further  evolution  of  the  primary  frond. 

65.  Subsequent  evolution  of  the  permanent  frond,  a,  and  roots,  b. 

66.  Early  development  of  embryo  of  Monocotyledon  (Fotamogeionj ;  o,  first  appearance 

of  cotyledon,  §  600. 

67.  Ditto  of  Dicotyledon  ((Enothera) ;  a,  a,  cotyledons. 

68.  Section  of  pistil  of  Antirrhinum  during  fertilisation  *,  a,  a,  pollen  grains  *,  6,  6, 

pollen  tubes  insinuating  themselves  between  c,  c,  vesicles  of  style  and  stigma, 
§  599. 

69.  Vertical  section  of  leaf  of  Apple ;  a,  a,  cells  of  upper  cuticle  ;  6,  6,  closely-packed 

parenchyma  beneath  it ;  c,  c,  looser  parenchyma  below ;  d,  d,  cells  of  under 
cuticle,  §  495,  496. 

70.  Similar  section  of  leaf  of  Oleander ;  a,  o,  upper  cuticle  possessing  three  rows  of 

vesicles ;  e,  e,  chambers  in  lower  cuticle,  lined  with  hairs. 

71.  Vertical  section  of  stoma  of  Iris;  a,  a,  green  cells  bounding  orifice;  6,  6,  cells  of 

parenchyma ;  c,  air-chamber. 

72.  View  of  ditto  from  above ;  a,  a,  cells  of  the  stoma ;  c,  opening  between  them. 

73.  Similar  view  of  stoma  of  Apple ;  a,  a,  cells  of  the  stoma ;  6,  b,  cells  of  the  cuticle ; 

c,  opening  of  the  stoma. 

74.  Involucrum  of  Marsilea  laid  open ;  a,  a,  smaller  reproductive  bodies,  thecae,  or 

anthers ;  6,  6,  larger  ones,  or  ovules,  §  598. 

75.  An  ovule,  6,  with  its  anthers,  a,  a,  separated. 

76.  Radical  fibre  of  Lemna  (Duckweed);  a,  vessels;  6,  unformed  cellular  tissue  covering 

their  mouths  and  constituting  the  spongiole,  §  292. 
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PLATE    III. 

Animal  Structures. 

PIG. 

77.  Rotifer  yulgaris,  §  126  ;  a,  Vorticella  convallaria ;  6,  the  same  dividing. 

78.  Calamaiy  (Loligo  vulgaris) ;  a,  a,  fins;  6,  ink-bag ;  c,  fUnnel,  §  132,  318. 

79.  Section  of  NauHlus;  a,  a,  siphuncle,  §  133. 

80.  Clio  boiealis,  §  134. 

81.  Pileopsis,  §  135. 

82.  Magilus ;  a,  young  state  of  the  same. 

83.  Asddia ;  a,  entrance  to  mantle  *,  6,  anal  aperture ;   c,  entrance  to  oesophagus ;  r/, 

stomach ;  6,  intestine ;  /,  ganglion ;  g,  dorsal  cord,  §  140,  318. 

84.  Pjrosoma ;  §  140. 

85.  Shell  of  Echinus ;  a,  portion  enlarged ;  a,  tubercular  plates ;  b,  ambulacral  plates, 

§142. 

86.  Echinodermata ;  a»  Spatangus;  b,  Clypeaster;  c,  Asterias,  §  143. 

87.  Pentacrinus  Europaeus. 

88.  Holothuria. 

89.  Medusa  auiita,  §  144. 

90.  Beroe  pileus ;  a,  a,  ciliated  tentacula ;  6,  mouth ;  c,  orifice  of  intestine. 

91.  Trichina  spiralis,  §  128. 

92.  Enchelis  pupa,  lowing  alimentary  canal,  §  148. 

93.  Monas  termo ;  a,  Vol  vox  globator,  §  312. 

94.  Paramcecium  aurelia;  a,  tibe  same  dividing,  §  148. 

95.  Hydra  viridis,  and  H.  fiisca,  in  different  states,  §  149. 

96  (See  PI.  IV.).  Sertularia;  a,  polype-cells;  6,  ovaria;  c,  polypes,  §  150. 

97.  Bowerbankia  densa ;  a,  oesophagus ;  6,  gizzard ;  c,  stomach  ;  d,  orifice  of  intestine, 

§  152. 

98.  Alcyonium  exos ;  a,  mouth ;  6,  coraraimicating  tube ;  c,  gemmuliferous  tube,  §  154. 

99.  Alcyonidium  elegans  *,  a,  section  of  ditto,  showing  interior  chambers. 

100.  Isis  hippuris ;  a,  jointed  axis ;  6,  flesh  with  polypes. 

101.  Section  of  Actinia  ;  a,  cavity  of  stomach  ;  6,  surrounding  chambers,  §  151. 

102.  Pitcher  of  Dischidia  *,  a,  exterior ;  6,  section  showing  rootlets,  §  281. 

103.  Villus  of  intestine  with  absorbent  vessel,  §  306. 

104.  Digestive  oigans  of  Diglena  kuntstris ;  a,  a,  jaws  ;  6,  stomach ;  c,  c,  biliary  coeca, 

§  316. 

105.  Alimentary  canal  of  Cicindela  campeatris ;  a,  oesophagus ;  6,  crop  *,  c,  gizzard  ;  dy 

stomach ;  e,  6,  urinary  coeca,  §  317. 

106.  Alimentary  canal  of  pTaminivorous  Bird,  §  321. 

107.  Ditto  of  rapacious  Bird  ;  a,  crop  ;  6,  ventriculus  succenturiatus  ;  c,  gizzard ;  d,  coeca 

of  intestine. 

108.  Water-cells  in  stomach  of  Camel,  §  322. 

109.  Rudimentary  form  of  the  same  in  human  stomach. 

PLATE  IV. 

110.  Stomach  of  Ruminating  Quadruped  (Sheep)  laid  open;  a,  paunch;  6,  honey- 

comb stomach  ;    c,  manyplies ;    d,   true  digestive  stomach ;    e,  lower  end  of 
oesophagus,  §  322. 

Circulating  Apparatus. 

111.  InienoT  of  Diplozoon  paradojfum  ;  showing  on  one  side,  a,  the  digestive  system; 

and,  on  the  other,  6,  the  circulating  system,  §  316,  344. 

112.  Circulating  system  in  Flanaria,  §  344. 
113. Leech,  §  349. 

114. Earthworm ;  a,  dorsal  vessel,  propelling  the  blood  forwards ; 

6,  returning  trunk,  passing  along  the  abdomen. 

115.  Diagram   of  Circulation  in  Insects;  a,  a,  dorsal  vessel;  6,  6,  returning  lateral 

trunks,  §  353. 
N.B.  In  the  following  figures,  the  vessels  and  cavities  containing  arterial  blood  are 
outlined  or  slightly  shaded ;    those  containing  venous  blood  are  deeply  shaded ; 
and  those  containing  mixed  blood  have  an  intermediate  tint. 

116.  Branchial  arch  of  Crtistacea;   a,  «,  venous  sinuses;   6,  6,  returning  trunks;  c, 

heart,  §  355. 
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PIG. 

117.  Plan  of  Circulation  in  lower  MoUusca  ;  a,  ventricle  of  the  heart,  propelling 

arterial  blood  to  6,  b,  the  systemic  capillaries;  the  blood  rendered  venous  is 
received  by  c,  c,  c,  the  systemic  veins,  and  conveyed  to  d,  </,  the  branchial 
filaments,  from  which,  afler  being  arterialised,  it  is  transmitted  to  e,  the  auricle, 
§  357,  358. 

1 18.  Interior  of  heart  of  Cuttle-fish,  §  359. 

119.  Plan  of  Circulation  in  Cephalopoda ;  a,  systemic  vein,  entering  6,  6,  the  branchial 

hearts ;  c,  c,  trunks  conveying  arterial  blood  from  branchiae  to  </,  systemic  heart ; 
e,  aorta. 

120.  Plan  of  Circulation  in  Fishes;  a,  systemic  vein  ;  b,  auricle ;  c,  ventricle  propelling 

venous  blood  to  branchiae;  d,  returning  vessels  imiting  to  constitute  aorta,  a, 
§  361. 

121.  Plan  of  Circulation  in  Reptiles ;  a,  a,  systemic  veins,  entering  the  right  auricle,  b  ; 

d^  </,  pulmonary  veins,  entering  left  auricle,  e  ;  c,  common  ventricle  sending  blood 
through  A,  the  aorta,  to  the  system,  and  through/,/,  the  pulmonary  arteries  to  the 
lungs,  $  363. 

1 22.  Circulating  apparatus  of  yoimg  Tadpole ;  a,  heart,  sending  off  J ,  2,  3,  arteries  to  the 

gills,  6,  b  ;  these  give  off,  before  their  subdivision,  the  communicating  branches, 
c,  c,  which  are  as  yet  small ;  d,  vessels  to  the  head  derived  from  first  branchial 
arch  ;  4,  pulmonary  trunk,  rudimentary  ;  a,  aorta,  formed  by  union  of  trunks 
from  second  and  third  arches,  §  364. 

123.  Ditto  in  more  advanced  condition ;  4,  pulmonary  branch  enlarged  ;  c,  c,  commimi- 

eating  branches  increased  in  diameter. 

124.  Ditto  in  permanent  state ;  6,  6,  remains  of  gills ;  3,  third  branchial  trunk  obli- 

terated ;   4,  pulmonary  trunk  enlarged. 

125.  Plan  of  Circulation  in  Crocodile ;  a,  systemic  vein ;  6,  right  auricle ;  c,  right 

ventricle ;  d,  pulmonary  artery ;  «,  pulmonary  vein ;  /,  left  auricle ;  g^  left 
ventricle ;  a,  aorta ;  A,  vessels  of  head,  &c. ;  i,  communicating  branch  from  right 
auricle,  §  366. 

126.  Plan  of  complete  double  Circulation;    a,  o,  systemic  veins;   6,  right  auricle; 

c,  right  ventricle ;  cf,  pulmonary  artery ;  g,  pulmonary  vein  ;  /,  left  auricle  ; 
g^  left  ventricle ;  a,  aorta,  subdividing  into  A,  A,  and  i,  i,  systemic  arteries, 
§  367. 

127.  Duplex  heart  of  Dugong. 

128.  Vascular  area  in  Bird's  egg,  §  374,  655. 

129.  Tubular  heart  of  embryo,  §  375. 

130.  Gills  ot  Proteus  ;  a,  branchial  artery,  conveying  venous  blood ;  b,  trunk  returning 

arterial  blood,  §  377. 

131.  Plan  of  Vessels  in  embryo  of  Bird;  1,  2,  3,  4,  5,  branchial  arches ;  6,  7,  8,  com- 

municating branches ;  a,  bulb  of  aorta,  subsequently  separating  into  a,  aorta,  and 
p,  pulmonary  artery,  §  378, 

132.  Bifid  heart  of  human  Embryo,  §  379. 

133.  Lymphatic  heart  of  Python  laid  open,  §  386. 

134.  Capillary  circulation  in  Frog's  foot ;  a,  artery ;  «,  vein,  §  337,  371. 

1 35.  Capillary  circulation  in  temporary  gill  of  Salamander ;   a,  branchial  artery  convey- 

ing venous  blood  ;  6,  returning  arterial  current,  §  465. 

1 36.  Plan  of  structure  of  Ovuliun ;  a,  membrane  of  the  yolk  ;  6,  substance  of  the  yolk  ; 

c,  germinal  vesicle  ;  d,  germinal  spot,  §  609. 

137.  Transverse  section  of  Embryo  forming  on  germinal  membrane;   a,  b,  c,  d,  pro- 

gressive stages ;  «,  «,  serous  layer  of  germinal  membrane  ;  m,  m,  mucous  layer, 
§  656,  7. 

138.  Longitudinal  section  of  ditto. 

139.  Ditto  more  advanced,  showing  formation  of  digestive  cavity,  a ;  and  of  heart,  6. 

PLATE  V. 

Respiratory  and  Secreting  Apparatus. 

140.  Physalia  (Portuguese  man-of-war)  ;  a,  air  sac  ;  c,  opening  into  its  cavity  ;  b,  mem- 

branous crest,  §  144,  456. 

141.  Nereis  nuntia  (Sea-centipide),  §  124,  459. 

1 42.  Transverse  section  of  ditto,  showing  a  single  segment  and  its  appendages ;  a,  a, 

cirrhus  ;  6,  6,  respiratory  tufts,  §  459. 

143.  Respiratory  appendages  of  ^Mnic« ;  a,  cirrhus;  6,  branchial  filaments. 

144.  Serpula ;  a,  shell  enclosing  the  body  ;  6,  brismchial  tuft  surrounding  head. 
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145.  Arenieola  piseatorum  (Sand worm) ;  a,  branchial  tufts. 

146.  Air  sacs  and  tracheae  o{  Scolia  hortorum^  §  463. 

147.  Longitudinal  trachea  and  spiracle  of  Cerambyx  heroa  ;  a,  spiracle,  §  462. 

148.  Head  of  Lamprey  showing  the  branchial  openings,  §  472. 

149.  Branchial  arch  of  Fith^  liiowing  its  separate  filaments  with  blood-vessels  at  their 

base ;  a,  transverse  view  of  one  pair,  showing  in  section  c,  cartilaginous  arch ; 
a,  branchial  artery ;  b,  branch  returning  arterialised  blood  to  aorta,  §  361, 472. 

150.  Section  of  the  lung  of  a  Frog,  §  475. 

151.  Section  of  the  lung  of  Mammalia,  §  480. 

152.  Respiratory  apparatus  in  Man ;  a,  trachea  ;  5,  bronchial  ramifications ;  c,  lungs. 

153.  Section  of  skin  showing  exhalent  apparatus ;  a,  layers  of  Epidermis ;  6,  substance 

of  dermis  (true  skin)  ;  c,  sudoriferous  gland  ;  d,  </,  spiral  exhalent  ducts,  §  501. 

154.  Glandular  follicles  in  Ventricttlua  Muccenturiaitu  of  Falcon^  §  526. 

155.  Mucous  follicle  in  skin  of  Salamander. 

156.  Prolonged  spiral  ccecum  forming  pancreas  of  Loligo  (Calamary). 

157.  Biliary  follicles  of  Insect  (DyHscua  sulcatusj, 

158.  Follicular  glands  of  Birds ;    a,  Siruihio  rhea  ;    6,  Struihio  camelus  (Ostrich)  ; 

c.  Goose  f 

159.  Gflfitric  gland  of  Beaver,  §  527. 

160.  Section  of  Ditto. 

161.  Follicular  gland  in  Rat, 

162.  Meibomian  glands  in  eyelid  of  Man. 

163.  Testiculus /^ra5an  nasicomit. 

164.  Portion  of  Liver  of  Pagurtu  striatus  (Hermit-Crab). 

165.  Lobule  of  Liver  of  ^«/a«u«  (Lobster). 

166.  Parotid  gland  in  Man ;  a,  arterial  trunk  accompanying  ramifications  of  excretory 

duct,  5,  and  distributed  on  its  terminal  follicles,  §  527,  529. 

167.  Mammary  gland  of  Bitch  ;  a,  one  of  the  lobules  laid  open,  §  527. 

168.  Section  of  Liver  of  Squirrel,  §  529  note, 

169.  Section  of  Kidney  of  Coluber ;    a,  a,  renal  vein  distributed  amongst  secreting 

tubes  ;  5,  6,  ureter  or  excretory  duct,  from  which  these  tubes  are  prolonged, 
§  528. 

170.  Section  of  Kidney  of  Dolphin ;  a,  cortical  portion,  consisting  of  convoluted  tubes 

amongst  which  blood-vessels  ramify  ;    6,  straight  tubes  terminating  iu  c,  the 
ureter. 

171.  Section  of  Lobule  of  Human  Liver,  after  Kieman ;  a.  a,  branches  of  biliary  ducts, 

forming  a  plexus,  between  the  subdivisions  of  which  the  vena  porta  ramifies ;  b,  b, 
origins  of  heptatic  vein,  in  the  centres  of  the  lobules,  §  529. 

172.  Plans  of  origin  of  glands ;  a,  b,  c,  progressive  stages  of  evolution  of  gland  connected 

with  a,  b,  the  alimentary  canal,  §  540. 

173.  Parotid  gland  in  embryo  Sheep, 

174.  Section  of  lobules  of  Liver  affected  with  hepatic  congestion,  §  529. 

175.  Section  of  lobules  of  Liver  affected  with  portal  congestion. 

176.  Plan  of  development  of  A  llantois  in  embryo  of  Bird,  at  advanced  stage  of  incuba- 

tion ;  a,  a,  general  envelope  or  chorion ;  b,  b,  germinal  membrane  ;  c,  c,  body  of 
embryo ;  d,  allantois  with  vessels  distributed  on  it,  §  658. 

PLATE  VI. 

N.B.  In  the  following  sketches  of  the  Nervous  System  in  different  classes  of  Ani- 
mals, the  continuous  white  lines  represent  nervous  trunks,  and  the  white  or 
shaded  spots  indicate  ganglia.  Where  these  are  surrounded  by  a  dotted  line, 
this  expresses  the  general  form  of  the  Animals ;  and  a  small  dotted  circle,  where 
it  occurs,  points  out  the  position  of  the  oesophagus  or  entrance  to  the  digestive 
cavity. 

177.  Nervous  system  of  Pecten  (Bivalve  Mollusc)  §  697 
178. Asterias  (Star-fish),  §  684 

179.  Unio  (Bivalve  Mollusc),  §  697 

180.  Mytilus,  {Muscle), 

181.  ' Carinaria  (Oasteropodous  Mollusc),  §  699 

1 82.  ' BulUea  (Gkisteropodous  Mollusc). 

183.  — — — -^—  Nautilus  (testaceous  Cephalopod),  §  701 

184.  Sepia  (naked  Cephalopod). 

185.  .^— — ^— —  Strongylus  (parasitic  worm),  §  706 
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186,  Nervous  system  of  Earthworm  (Annelide). 

187. -^yda^twa  ( Wheel-animalcule). 

188.  Barnacle  (Cirrhopod). 

189. -4pAro</«to  (Annelida),  §  707 

190. Scolopendra  (Myriapod),  §  703,  707 

191. Larva  of  Sphinx  Hgusiri  (Insect)  ;  a,  Cephalic  ganglia,  §  708 

1 92. Ditto  at  period  of  first  change ;  a,  portion  of  thoracic  cord, 

showing  respiratory  nerves ;  b,  view  of  ganglion  from  above ;  c,  lateral  view  of 

do.,  §  705,  709 

193.  Nervous  system  of  Pupa  of  Sphinx  Hgustri  (privet-hawk-moth),  §  709 

194.  Imago  o{  Sphinx  ligustri  §  710 

195. Melolmiha  (Cockchaffer),  §  711 

196.  Stomato-gastric  system  of  Gryllus  migratorius  (Locust),  §  712 

197.  Nervous  system  of  Talitrus  locusta  (Sand-hopper,  Isopod  Crustaceous  animal),  §  71 3 

198.  Maia  sqtmmado  (Crab). 

1 99. Spider. 

In  the  following  figures,  the  letter  a,  points  to  the  olfactory  ganglia ;  6,  to  the 
cerebral  hemispheres  or  ganglia  ;  c,  to  the  optic  lobes  or  ganglia  *,  d,  to  the 
cerebellum  ;  and  «,  to  the  spinal  cord. 

200.  Brain  of  Triglalyra  (Gurnard),  §  718 

201. MureBua  conger^  (Conger  Eel). 

202. Raia  rubtis  (Ray). 

203.  Grey  Lizard,  §  719 

204. Frog. 

205.  Testudo  mydas  (Green  Turtle). 

206-9.  Development  of  Nervous  system  in  Chick,  §  723 

210.  Brain  of  Cassowary,  §  720 

211.  Lion,  §721 

212.  Origins  of  nerves  from  spinjQ  cord,  §  716 

213.  Nervous  system  of  human  embryo  at  seven  weeks,  §  723 

214.  Brain  of  embryo  at  nine  weeks. 

216. twelve  weeks. 

216. fifteen  weeks. 

217. twenty-seven  weeks. 

218-9.  Brain  and  spinal  cord  of  Tadpole,  §  719 

PLATE  VII. 

Formation  of  Primary  Tissues. 

220.  Cells  from  the  leaves  of  Pinus  sylvestris,  exhibiting  internal  deposit  concentrically 

arranged,  §  26. 

221.  Cells  with  internal  deposits  leaving  uncovered  spaces ;  a,  from  gritty  centre  of  Pear ; 

b,  from  stone  of  Plum  ;  c,  from  stem  of  Cereus  grandijlortis, 

222.  Laticiferous  tissue,  from  stipule  of  Ficiis  elasiica,  §  35. 

223.  Origin  of  this  tissue  from  cells,  after  Slack,  §  35,  335. 

224.  Pigment-cells  from  tail  of  Tadpole,  after  Schwann ;  a,  simple  forms  of  recent 

origin  ;  b,  more  complex  forms  subsequently  assimied,  §  40. 

225.  Epidermic  tissue ;  a,  flattened  cells  of  epidermis ;  b,  pavement  epithelium  •,  c,  cylin- 

der epithelium  ;  d,  ciliated  epithelium  cells,  §  41. 

226.  Transformation  of  flattened  cells  into  fibres,  in  cortical  substance  of  young  Raven^s 

feather ;  a,  6,  c,  d,  successive  stages,  after  Schwann,  §  43. 

227.  Structure  of  Cartilage,  after  Schwann ;  a,  section  of  branchial  ray  of  Tadpole, 

showing  cells  in  various  stages  of  development  in  the  midst  of  intercellular  sub- 
stance ;  b,  from  unossified  ileum  of  foetal  Pig,  §  45. 

228.  Branching  osseous  cells  or  corpuscles,  after  Miiller,  §  47. 

229.  Stnicture  of  Bone,  after  Miescher,  §  48. 

230.  Enamel  of  tooth,  after  Retzius ;  a,  vertical  section,  showing  fibrous  structure ;  b, 

view  of  the  surface,  more  highly  magnified,  showing  hexagonal  terminations  of 
fibres  or  tubes,  §  50. 

231.  Calcigerous  tubes  and  branching  cells  of  Ivory,  §  51. 

232.  Sections  of  Teeth  of  Fish,  after  Owen  ;  a,  perpendicular  section  of  tooth  of  Lamna 

moderately  enlarged,  showing  numerous  large  medullary  canals ;  b,  transverse 
section  of  portion  of  tooth  of  Saw-fish,  more  highly  magnified,  showing  several 
medullary  canals,  with  systems  of  radiating  and  inosculating  calcigerous  tubes. 


EXPLANATION    OF   THE    PLATES.  XXV 

FIG. 

233.  Cells  from  maligmant  growths,  after  MUUer  ;  a,  globular  cells,  with  nuclei,  from  a 

bard  carcinoma  mammas ;  6,  elongated  cells  from  medullary  fungus,  $  73. 

234.  *Plan  of  circulation  in  Terebelia,  §  346. 

235.  Plan  of  circulation  in  Eunice^  $  347. 

236.  Plan  of  circulation  in  Arenicola^  §  348. 

237.  Respiratory  circulation  in  Leech^  $  349. 

238.  Plan  of  circulation  of  Centipede^  $  351. 

239.  Apearanoe  of  a  cell  in  the  act  of  formation,  after  Schleiden  *,  a,  nucleus ;  6,  cell  *, 

e,  nucleolus,  $  409. 

240.  Plan  of  formation  of  a  cell ;  a,  nucleus,  consisting  of  a  mass  of  granules ;  6,  6,  cell- 

walls  extending  farther  and  fiurther  from  it. 

241.  Nucleated  vesicular  tissue,  from  Short  Sun^Fish^  after  Goodsir,  §  428. 

242.  Nucleated  cells  of  glandular  structure,  after  Wagner. 

PLATE  VIII. 

Reproduction,  and  Formation  of  Tissues. 

The  first  eighteen  figures  in  this  Plate  (242 — 59)  are  copied  from  those  of  Dr.  Barry, 
illustrating  his  Memoirs  on  Embryology,  published  in  the  Philosophical  Trans- 
actions for  1838,  39,  and  40.  They  represent  consecutive  early  stages  of  the 
embryonic  development  of  the  Rabbit.  Figures  262 — 9,  representing  various 
changes  noticed  in  the  blood-corpuscles,  are  copied  from  delineations  by  the  same 
Author  in  the  last  of  these  Papers,  and  in  a  short  Memoir  on  the  Corpuscles  of  the 
Blood  appended  to  it.  Figures  271 — 9,  illustrating  the  development  of  the  Sper- 
matozoa in  the  Certhia  familiaris  (Common  Tree-Creeper),  are  copied  from 
Wagner's  Icones  Physiologicae. 

242.  Ovum  from  ovary  of  Rabbit  (magnified  100  diameters)  prepared  for  fecundation  : 

a,  germinal  spot  directed  towards  the  surface  of  the  ovum,  and  beginning  to 
resolve  itself  into  cells ;  6,  germinal  vesicle  of  spherical  form  ;  c,  cells  filling  the 
cavity  of  the  yolk ;  <2,  zona  pellucida,  §  430,  612. 

243.  Germinal  vessel  from  a  more  advanced  ovum,  of  a  flattened  form  resembling  the 

crystalline  lens,  and  filled  with  cells,  which  seem  to  have  originated  fh)m  the 
margin  of  the  germinal  spot,  100  diam. 

244.  Grerminal  vesicle  of  laiger  size,  containing  an  increased  niunber  of  concentric  layers 

of  cells.     100  Diam. 

245.  Pellucid  centre  of  the  germinal  spot,  in  a  more  advanced  ovum,  surrounded  by 

incipient  cells.     300  Diam. 

246.  Fecimdated  ovum  in  its  earliest  state ;  a,  altered  germinal  spot  *,  5,  germinal 

veedcle ;  c,  surrounding  cells ;  </,  zona  pellucida  *,  «,  fissure  through  which  the 
fecundating  influence  appears  to  be  received ;  /,  membrane  enclosing  yolk, 
here  distinguishable  within  the  zona  pellucida.     100  Diam.  §  613. 

247.  Fecundated  ovum  from  the  Fallopian  tube,  much  more  advanced ;  a,  twin  cells, 

occupying  the  point  of  fecundation,  from  which  all  the  germinal  structures 
originate ;  5,  germinal  vesicle,  now  spherical  and  filled  with  cells  *,  e,  surrounding 
space  within  the  yolk-bag,  the  cells  formerly  occupying  which  have  disappeared 
by  liquefaction,  except  two  that  accidentally  remain  ;  d,  zona  pellucida ;  /, 
incipient  chorion.     100  Diam. 

248.  More  advanced  ovum.    The  germinal  vesicle,  6,  is  now  occupied  by  the  twin  cells, 

which  are  much  enlarged,  and  are  developing  other  cells  in  their  interior  ;  the 
previously-formed  cells  have  disappeared  by  liquefaction.  Some  remains  of  the 
vesicular  origin  of  the  chorion,/^  are  seen  upon  it.  (See  Fig.  269).  100  Diam. 
§614. 

249.  Sketch  of  a  globular  mass  of  cells  from  a  more  advanced  ovum,  originating  in  the 

twin  cells  last  seen,  and  forming  the  germinal  mass.     100  Diam. 

250.  More  advanced  condition  of  the  same,  exhibiting  a  large  elliptic  cell  in  the  middle, 

which  is  the  rudiment  of  the  central  portions  of  the  embryo.    100  Diam.    §  651. 

251 .  Mulberry-like  mass  of  cells  occupying  the  germinal  vesicle  of  the  more  advanced 

ovum ;  and  coming  into  contact  with  the  zona  pellucida,  </,  by  absorption  of 
the  intervening  fluid.  These  cells  contain  other  incipient  cells.  100  Diam. 
§  614. 

252.  The  cavity  of  the  zona  pellucida  entirely  occupied  at  a  subsequent  time  by  the 

germinal  mass ;  the  central  embryonic  cell,  a,  is  now  being  carried  towards  the  sur- 
&ce,  by  the  formation  of  a  hollow,  c,  in  the  germinal  mass ;  this  is  bounded  by 

*  This  figure,  and  the  four  succeeding,  are  drawn  on  the  plan  of  those  in  Plate  IV- 
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a  embTjD  of  U)  di 


the  lajer  of  eiiilhelium-lilte  ceUs,  A,  which  afterwards  forma  the  ! 
layer  of  the  germinftl  membrane.     100  Diam.     5  Gl-*i  ''■5'- 

3.  The  embryonic  cell,  o.has  uow  arrived  at  tbe  siirftce,  and  exhibits 

nucleus ;  the  layer  of  ceLU,  b,  ia  Keen  Unjug  the  sona  pelluddo.  The  chorinn,  /,  is 
separated  hja  wide  iutenal,  filled  with  fluid  which  it  has  absorbed,  from  theKonn 
pellucida,  rf .    75  Diam.     §  6U,  651, 

4.  In  place  of  the  emhryouic  ceU  is  seen  an  elliptical  depresaiou,  the  area  ptUueida, 

filled  Rith  a  colDUtlesa  fluid,  and  haiiug  in  its  centre  the  same  annular  nucleu*. 
The  zona  pellucida  is  completely  lined  with  the  layer  of  cells,  b,  t,  just  de- 
scribed.    50  Diam.     S  651. 

5.  In  this  oium,  the  cells  of  the  superficial  layer,  b,  present  a  polyhedral  form,  resem- 

bling those  in  Fig.  260  ;  beneath  the  embryonic  cell  is  seen  the  mass  of  cells,  c,  c, 
from  which  some  portions  of  the  germinal  structnre  are  developed.  .'iO  Diam. 
i  614,651. 

6.  In  the  stage  here  represented,  a  hollow  process,  consisting  nf  a  membranouB  layer 

of  loosely-united  cells,  o",  e",  is  extending  ftom  the  margin  of  the  nucleiia  of  the 
embiyonic  cell ;  this  subsequently  includes  the  whole  contents  of  the  cavity,  and 
lines  the  external  layer  of  cells  already  described.  It  subsequently  become! 
either  the  mucous  ur  the  vascular  layer  of  the  germinal  membrane.  The  em- 
bryo, a,  is  beginning  to  appear  in  the  centro  of  the  area  pcUucida-     i  632,3. 

7.  Incipient  embryo  and  surrounding  structures  of  a  more  advanced  ovum  ;  a,  embryo; 

b,  gcrmiuo!  masai  c,  membranous  prolongations  of  it,  lining  d,  the  serous  layer  or 

amnion,  which  now  partly  folds  oier  the  embryo  ;  e,  zona  pelluinda ;  /,  fluid 

intervening  between  this  and  p,  the  chorion.     SO  Diam.     {  633, 1. 
3.  Incipient  embryo  and  amnion,  from  a  more  Bdronced  ovum,  shoving  the  mode  in 

which  the  folds  of  the  amnion  meet  over  the  embryo.     "  ' 

40  Diam. 
9.  Visceral  surface  of  the  foundation  of  the  vertebral  column  ic 

old. 
).  Ceils  of  superfloinl  layer  of  germinal  membrane,  fiirmiiig  am 
1.  Ovum  of  fresh-water  Mussel  (after  Carns);  tbe  surface  of  the  yolk  covered  witU 

similar  cells,  5  B14,637.  ' 

}.  Blood-corpuscles,  ft^m  Fallopian  tube  of  Rabbit,  undergoing  subdivision  ; 

but  little  altered  hom  its  usual  state ;  b,  incipient  division  into  globules ;  a,  man 

advanced  stage  of  the  same,  g  431. 
J.  Blood-corpuscIcB  in  more  advanced  stages  of  alteration  ;  a,  separation  into  globules 

about  to  take  place ;  b,  cluster  of  distinct  globules  still  adherent, 
I.  Blood-corpuscles,  from  some  source,  presenting  changes  of  form ;   a,  the  change 

slight ;  b,  processes  sent  out  from  the  cells ;   c,  incipient  union  of  contiguous 

cells,  i  433. 
i.  Blood-corpuscles  in  various  stages  of  change,  from  Fallopian  tuba  of  Rabbit, 
i.  Blood-corpuscles  (now  cells)  arranging  themselves  in  lines  to  form  tubular  fibres. 
J.  Similar  fi^menls  more  highly  magnified  ;  a,  incipient  coalescence;  6,  imion  n 

complete. 
I.  Portion  of  capillary  vessels  from  inner  surface  of  Fallopian  tube,  filled  with  D 

puscles  undergoing  alteration, 
).  BIood-corpuscIcB  collected  on  the  zona  pellucida  of  the  ovum  of  the  Rabbit,  a 

destined  to  give  origin  to  the  chorion,  §  4^-2,  65(1. 
).  Heart  of  the  embryo  of  the  fowl  (after  Wagner)  at  the  end  of  the  secon 

showing  the  formation  of  its  parietea  ftom  nacleated  cells;  a,  incipient  a 

b,  ventricle ;  c,  bulb  of  the  aorta,  §  638. 
I .  Granule  of  the  semen  of  CertUa  /amiiiatii,  in  progren  of  evolution,  |  600. 
'..  Capsule  from  the  same,  containing  a  single  globular  collection  of  granules,  forr 

a  nucleus,  §  6U7- 
(,  A  larger  capsule  containing  three  such  nuclei. 
I.  A  much  larger  capsule  containing  ten  such  nuclei, 
i.  A  large  rounded  capsule,  containing  two  nuclei,  and  a  quantity  of  diffiised  ex 

minute  granules,  in  the  midst  of  which  a  bundle  of  filaments  is  Ikintly  sc 
i.  A  capsule  now  become  egg-shaped ;  the  granales  have  diminished  in  amount,  a 

the  nuclei  have  disappeared  altogether ;  the  filaments,  which  aro  now  seen  to  . 

Spormatoioa,  are  much  more  numerous  and  distinct,  and  are  packed  within  tl 

capsule  by  being  doubled  together. 
'.  Further  advanced  condition  of  the  same  ;  the  capsule  pear-shaped. 
).  Portion  of  a  mature  capsule  enclosing  a  long  straight  bundle  of  Spermatozoa. 
I.  A  single  Spermatozoon. 
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ON    ORGANISED    STRUCTURES. 


I. — Preliminary  Remarks. 

1.  The  most  careless  observer  cannot  fail  to  recognise  in  the  world 
around  him,  many  evident  distinctions  between  living  beings  and  inani- 
mate objects.  Perhaps  the  most  apparent  and  positive  of  these  distinc- 
tions is  based  rather  upon  a  comparison  of  their  mode  of  existence,  than 
upon  an  examination  of  their  intimate  structure.  The  ceaseless  tendency 
to  Change  manifested  in  the  life  of  the  former,  stands  in  yet  more  obvious 
contrast  with  the  unaltering  Stability  of  the  latter,  than  does  that  peculiar 
arrangement  of  elementary  particles  which  is  called  Organisation,  with 
the  r^ular  aggregation  of  the  ultimate  atoms  which  the  Inorganic  world 
presents.  The  snow-capped  mountain  rears  its  summit  to  the  clouds, 
nnaffected  by  the  lapse  of  the  ages  which  have  rolled  by  since  its  first 
elevation — a  monument  of  Nature's  power ;  and  the  giant  edifices  erected 
by  the  hand  of  man  on  the  plains  of  Egypt,  bear  to  remote  posterity  the 
attestation  of  the  former  grandeur  of  a  nation  now  sunk  into  poverty  and 
insignificance.  And  what,  compared  with  the  permanence  of  these,  is 
the  duration  of  any  structure  subject  to  the  conditions  of  vitality  ?  To 
be  bom — ^to  grow — ^to  arrive  at  maturity — to  decline — to  die — ^to  decay, 
is  the  sum  of  the  history  of  every  being  that  lives ;  from  man  in  the 
pomp  of  royalty  or  the  pride  of  philosophy,  to  the  gay  and  thoughtless 
insect  that  glitters  for  a  few  hours  in  the  sunbeam  and  is  seen  no  more ; 
from  the  stately  oak,  the  monarch  of  the  forest  through  successive  cen- 
turies, to  the  humble  ftmgus  which  shoots  forth  and  withers  in  a  day. 
How  simply,  yet  how  expressively,  are  these  changes  described  in  the 
words  of  the  sacred  writer,  "  Our  life  is  as  a  vapour,  which  appeareth  for 
a  little  time  and  then  vanisheth  away." 

2.  And  yet,  amidst  the  constant  change  and  succession  of  individuals, 
we  observe  the  form  and  character  first  impressed  upon  each  race  by  the 
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Creator  of  all,  nninterruptedly  transmitted  from  parent  to  ofTspriDg 
through  periods  of  indefinite  duration.  "  One  generation  passeth  away  " 
— but  "another  cometh" — like  it  in  structure,  fnnctions,  habits,  food, 
instincts,  passions,  and  the  hmit  of  its  existence.  The  misletoe  flourishes 
on  the  oak  of  our  own  forests,  jnst  as  when  made  an  object  of  superstitious 
veneration  in  the  hallowed  groves  of  our  Dmidical  ancestors.  The  bee 
bmlds  ber  comb  with  the  same  unvarying  regularity,  and  stores  it  with  the 
same  materials  now,  as  when  her  beautifid  works  attracted  the  notice  of 
the  poets  and  philosophers  of  classic  ages.  And  man,  however  modified  by 
education,  however  various  his  degree  of  civihsation,  however  elevated  his 
condition  of  mental  and  moral  refinement,  is  yet  bom  the  same  helpless 
dependent  being,  with  the  same  dormant  faculties  of  body  aud  mind,  as 
the  first  offspring  of  our  original  parents. 

3.  In  the  ever-varying  conditions  of  the  animated  world,  then,  a  very 
superficial  glance  will  display  to  us  a  certain  degree  of  regularity  and 
arrangement ;  and  the  more  attentively  we  investigate  the  relations  which 
its  changes  present,  the  more  stable  and  definite  is  the  assurance  we 
obtain,  that  they  are  all  harmonised  and  controlled  by  fixed  laicg,  which 
are  but  simplified  expressions  of  those  conditions  of  action  which  the 
Creator  has  imposed  upon  organised  no  less  than  upon  inorganic  matter. 
To  arrive  at  the  knowledge  of  these  laws,  and,  having  attained  them,  to 
trace  their  application  to  all  the  countless  variety  of  phenomena  presented 
by  the  myriads  of  hving  beings  whose  beautiful  forma  people  this  globe, 
is  the  object  of  the  science  of  Physiology, — using  that  term  in  its  most 
extended  sense,  to  which  the  designation  Biology  is  perhaps  rather 
applicable.  That  the  most  advantageous  plan  of  studying  it  is  that  induc- 
tive method  which  has  been  successfid  in  other  sciences,  will  not  perhaps 
now  be  disputed :  yet  the  prevalence  of  a  contrary  system  has  long  re- 
tarded its  progress  ;  and  it  is  only  within  a  recent  period  that  the  ends  to 
be  attained  have  been  generally  understood,  and  the  most  satisfactory 
means  of  pursuing  them  fidly  determined.*  In  this,  as  in  the  Physical 
Sciences,  the  first  object  of  the  phdosophic  enquirer  is  to  collect  a  body  of 
facts,  by  the  comparison  of  which  the  general  principles  common  to  all 
may  be  deduced.  Now  the  facts  which  the  observation  of  living  beings 
brings  under  our  notice,  are  obviously  of  two  kinds ;— one  class  having 
reference  to  their  structure,  the  other  to  their  actions  or  fiinetions.  The 
investigation  and  comparison  of  the  former  class  of  particulars,  is  the 
object  of  the  science  of  Anatomy ;  whdst  by  the  collection  and  generalisa- 
tion of  the  latter,  the  science  of  Physiology  is  bmlt  up. 

4.  The  obstacles  which  interpose  themselves  to  the  prosecution  of  these 
sciences,  result  more  from  that  difficulty  in  the  ascertainment  of  facts  and 
the  observation  of  phenomena,  which  is  occasioned  by  the  peculiar  condi- 
tions of  hving  beings,  than  from  any  incapabihty  on  the  part  of  these  facts 

•  See  Britisli  and  Foreign  Medical  Raview,  vol.  i.,  p.  317,  &c. 


aiul  pltenomeim  to  lie  comprehended  within  Inws  as  stable  aud  as  defiiii'le 
as  tliose  of  the  pliyaica]  sciences.  Tbua,  altlimigh  the  structure  of  the 
luiman  body  lias  been  carefully  and  miuutcly  enamined  by  so  tnnny  thoi»- 
saiuU  of  Anatomists,  how  many  points  are  still  uncrrtiiin,  and  bow  niucb 
still  remaius  to  be  discorercd !  "Yet  this  mrucliire  is  but  one  of  those 
groups  of  iiuianeet  (the  Hacoruan  term  for  phenomena)  tliat  must  be  col- 
lected from  the  many  hundred-thousand  apecies  of  Plants  and  Animals 
which  the  naturalist  knows  to  csiat  on  the  surface  uf  the  globe,  before  we 
can  have  sufficient  data  for  the  estahiishnient  of  those  general  and  eompre- 
bensive  laws,  regulating  the  develojjnient  of  living  organisms,  which  we 
may  hope  some  day  to  arrive  nt. 

5.  The  difficulties  that  present  themselves  in  the  obser\ation  of  the  facta 
which  it  is  the  object  of  tlie  science  of  Anatomy  to  ascertain  and  geue- 
ralisc,  are  as  nothing  to  tliose  wliich  beset  the  path  of  the  Physiological 
enquirer,  who  has  to  study  the  changes  wlucii  all  classes  of  living  heings 
perform  and  undctgo  during  the  whole  period  of  their  existence.  Tlie 
simi  of  hU  the  pbeuomeua  which  constitute  the  Life  of  a  single  organised 
Mracture,  and  which  result  from  the  actions  of  that  strnctujw,  is,  in  like 
_  Burner,  to  be  regarded  as  a  collection  of  /ad*,  of  which  each  must  be 
lilbted  in  a  separate  and  concise  form,  before  it  can  be  made  tlie  subject  of 
■DV  general  expression,  founded  upon  the  coniparisoii  of  similar  facts 
derired  from  the  study  of  other  living  beings.  Now  the  great  ditKcnlty  in 
physiological  investigation  results  from  the  complexity  of  the  combinations 
ID  which  vital  phenomena  present  themselves,  aud  from  their  de[ieudence 
apcm  one  another  to  a  degree  that  almost  entirely  precludes  tlieir  separate 
praTninafinn  Were  We  able  tu  ascertain  the  changes  which  take  place  iu 
tbe  interior  of  the  hving  body,  with  the  same  ease  that  the  astronomer 
Matches  the  motions  of  a  planet,  or  the  chemist  observes  the  formation  of 
tpredpitate, — the  very  multiphcity  of  these  changes,  and  the  variety  of  the 
raoditious  under  which  they  occiir,  would  be  ot'  essential  service  in  the 
determination  of  their  laws,  instead  of  being,  as  at  present,  sources  of 
doubt  and  embarrassment.  The  chemist,  when  desirous  of  establishing  to 
vkii&  of  the  ingredients  in  a  given  mixture  a  jmrticular  effect  is  due,  places 
(adi  separately  in  the  conditions  rcqiured  to  produce  the  result :  but  the 
pbysiolo^t  finds  that  the  attempt  to  insidate  any  one  organ,  aud  to 
Kduce  the  changes  performed  by  it  to  definite  experimental  investigation, 
atcessarUy  destroys,  or  considerably  alters,  those  very  mnditions  under 
riiidt  alone  its  functions  can  he  normally  perlbrmed.  Take  away  an  im- 
pntaut  and  essential  part  of  a  hving  being,  aud  it  ceases  to  exist  as  such  ; 
it  DO  longer  exhibits  even  a  trace  of  those  properties  which  it  is  our  object 
Id  examine  ;  and  its  elements  remain  subject  only  to  the  common  laws  of 
mstter.  We  cannot,  like  the  fabled  Prometheus  of  old,  breathe  into  the 
lifeless  clay  the  animating  fire  ;  we  caimot  by  a  judicious  and  skillii]  ar- 
rangement of  those  elements,  combine  them  into  new  and  artificial  forms 


NISED   STRUCTURi 

so  u  to  produce  new  and  unexpected  phenomena. ;  and  alnwat  all  i 
knowledge  of  the  laws  of  Life  must  therefore  be  derived  from  obgervatii 
only.  Experiment  can  nonduct  us  very  little  further  in  this  enquiry,  than 
the  determination  of  the  dependence  of  the  fiinctions  upon  one  another, 
and  upon  the  external  agents,  heat,  Ught,  &c.,  by  the  action  of  which 
upon  the  organism  the  phenomena  of  Life  are  produced.  But  a  judicious 
and  careful  system  of  observation  will  almost  supply  the  place  of  experi- 
ment ;  for  the  ever-varying  forms  of  organised  beings  by  which  we  are 
surrounded,  and  the  constantly-changing  conditions  in  which  they  exist, 
present  us  with  such  numerous  and  different  combinations  of  causes  and 
effects,  that  it  must  he  the  fault  of  our  mode  of  study  if  we  do  not  arrive 
at  some  tolerably  definite  conclusions  as  to  their  mutual  relations.  In 
the  language  of  Cuvier,  the  different  forms  of  animals  may  be  regarded 
as  "  so  many  kinds  of  experiments  ready  prepared  by  Nature,  who  adds 
to  or  deducts  from  each  of  them  different  parts,  just  as  we  might  wish  to 
do  in  our  laboratories,  showing  us  herself  at  the  same  time  their  varioiu 

6.  From  such  considerations  as  these,  it  will  be  evident  that  the  laws 
of  Life  can  only  be  searched  for,  with  a  probabiUty  of  success,  by  investi- 
gating their  operations  wherever  presented  to  us  ;  and  that  the  study  of 
Physiology  can  only  be  scientifically  proseeuted  (if  the  attainment  of 
these  laws  he  regarded  as  its  ultimate  object),  by  embracing  within  its 
range  the  examination  of  the  phenomeua  exhibited  by  a/!  classes  of  living  . 
beings.  It  is  a  great  mistake  to  suppose  that  there  is  anytliing  funda- 
mentally different  in  the  character  of  the  vital  operations  as  performed  in 
the  Animal  and  in  the  Vegetable  structures,  or  in  the  simpler  and  more 
complicated  organisms  of  either  kingdom.  An  enlarged  view  of  their 
functions,  not  based  upon  the  observation  of  their  conditions  in  one  or  two 
instances  only,  but  derived  from  an  extended  examination  of  their  perform- 
ance wherever  manifested,  will  recognise  an  essential  conformity  through- 
out, wherever  those  which  are  really  analogous  are  compared.  There  is  an 
obvious  advantage,  therefore,  in  commencing  tlie  study  of  Physiology  by 
an  enquiry  into  the  simp^st  manifestations  of  each  of  those  functions 
which  in  the  higher  organisms  are  so  compUcated  in  their  nature.  From 
no  such  enquiry  should  the  consideration  of  the  Vegetable  Kingdom  be 
excluded ;  for  those  vital  functions  which  are  performed  by  Plants  in 
common  with  Animals,  are  presented  by  the  former  in  a  state  of  greater 
sunphfication  than  is  ever  exhibited  by  the  latter ;  since  all  the  changes 
necessary  to  the  support  of  the  individual  and  the  continuance  of  the 
species,  are  performed  without  the  influence  or  interference  of  those 
powers  which  are  possessed  in  a  greater  or  less  degree  hy  the  whole 
Ammal  kingdom.  Hence  the  physiologist  may  advantageously  resort  to 
the  study  of  Vegetable  life,  for  the  explanation  of  many  of  the  prosim 
causes  of  those  phenomena  which  are  complicated  in  the  higher  fomiB  4 


ranised  beiugs  b;  ao  great  a  variety  of  secondary  influcocea.  Of  the 
intagc  of  this  mode  of  mvestigation,  the  details  hereafter  to  be  givcu 
V.)  on  the  Motions  of  Plants  eomparod  with  those  of  Aiumala. 
ford  a  characteristic  illustration.  In  the  pursuit  of  his  science  on  this 
HI,  therefore,  the  physiological  student  will  leani  what  are  the  essential 
niditions  of  hfe :  he  will  see  the  changes  indispensable  to  its  support 
nifested  in  their  simplest  circumstances;  he  will  be  able  to  ascertain 
ihat  structures  are  necessary  to  their  performance,  and  what  additions  and 
inodijications  these  may  undergo  U>  suit  the  various  purposes  of  their 
esistcnce,  (see  for  illustration  §  255  and  '2/9) ;  and  thus  he  will  be  saved 
the  necessity  of  unlearning  many  erroneous  notions  which  he  would  un- 
avoidably imbibe  from  the  premature  study  of  the  complex  phenomena  ex- 
hibited by  the  hring  human  organism.  Moreover,  in  those  departments  of 
Rjjiaiology  which  are  capable  of  being  elucidated  by  cxpcrinicnt,  recourse 
may  generally  be  had  with  advantage  to  the  lower  classes  of  Animals,  and 
to  Hants ;  since  that  bond  of  uuiou  which  links  together,  in  the  higher 
Animals,  all  the  changes  concerned  in  the  maintenance  of  the  vitality  of 
the  system,  is  in  them  much  less  close  and  decided ;  so  that  particular 
f  o^ans  may  be  insulated,  and  the  study  of  the  conditions  of  their  actions 
I  prosecuted  to  a  much  greater  extent.  It  is  in  the  investigation  of  the 
effects  of  those  external  agents  upon  which  all  the  phenomena  of  Life  are 
dependent  (§  17tl),  that  this  mode  of  investigation  is  capable  of  being  most 
advantageously  employed.  Thus,  Dr.  Kdwarda  waa  enabled  to  arrive  at 
many  important  conclusions  on  these  points,  by  subjecting  frogs  and  other 
Reptiles  to  treatment  which  woidd  have  been  fatal  to  Ammals  of  higher 
character  (chap,  ix.)  ;  and  Mirbe!,  by  watching  the  growth  of  an  humble 
LivervTOrt  (§  SD),  established  some  beautiful  principles  as  to  the  influence 
of  light  on  the  development  of  the  Vegetable  System. 

7.  The  mass  of  facts  which  is  gradually  being  accumulated  relative  to 
the  structure  of  hving  beings,  and  to  the  vital  phenomena  they  exhibit, 
must  be  classified  and  arranged,  before  tliey  can  become  subservient  to  the 
purposes  of  science  ;  and  this  object  is  accomplished  in  different  ways,  ac- 
cording to  the  nature  of  the  taws  of  which  the  phUosophical  enquirer  is  In 
learch.  Thus  the  Anatomist  and  Physiologist,  whose  object  it  is  to  dis- 
cover the  peculiarities  of  organised  structures,  their  adaptations  to  parti- 
cular uses,  and  the  conditions  of  the  functional  changes  to  which  they  are 
sabservient,  analyse,  as  it  were,  the  group  of  facts  which  each  living  being 
exhibits  (§  4,  5)  ;  and,  pursuing  their  enquiries  through  an  extensive 
range  of  objects,  classify  these  individual  results  according  to  their  simi- 
larity with  each  other,  and  their  obvious  tendency  to  the  same  end  ;  or,  to 
tpeak  in  less  abstract  language,  they  compare  the  indimdaal  organs  and 
lunctions  through  all  the  fonns  of  animated  beings  in  which  they  are  ma- 
nifested. The  object  of  the  Naturalist,  on  the  other  hand,  is  to  ascertain 
the  laws  wliich  regulate  the  nnnhiiirifmi  of  the  separate  organs  iiitn  living 


feirica,  a-^jd  govern  their  adaptation  to  different  modes  of  existence  : 
theivfore,  riewing  each  organism  in  its  fatality,  arranges  similarij'  f 
beings  into  the  same  gronp,  pladng  aa  the  character  comraon  to  the 
the  points  in  which  they  ^ree,  and  leav-ing  the  subordinate  differences  C 
be  added  to  this  common  charact.^r,  in  order  to  express  llie  ijualities  o 
indindua].  This  clasdfication  (re^mbliog  the  combinatLnn  of  anatomical 
details  into  descriptions  of  organ*,  and  of  phyriolt^tcal  changes  mtofaap- 
twn»)  is  but  a  step  towards  the  establishment  of  general  laws  by  which  tlic 
structure  of  the  organised  kingdoms  of  nature  is  regulated.  These  laws. — 
expressing  the  manner  in  which  the  organs  are  combined  and  adapttrd  to 
each  other,  the  relative  development  or  simplicity  of  each,  the  modifica- 
tions which  the  typical  forms  (§  I6J)  of  each  group  may  undergo  accord- 
ii^  to  the  circumstances  in  which  the  being  is  to  be  placed,  and  various 
other  conditions  of  its  fonnation,— it  is  the  object  of  the  Naturalist  to  as- 
certain ;  and  anv  mode  or  system  of  classification  which  he  may  adojit,  is 
valuable  in  proportion  as  it  keeps  the  establishment  of  these  laws  in  view, 
and  facilitates  the  accnmulation  of  the  knowledge  upon  which  they  must 
be  foimded.  The  connexion  between  these  two  branches  of  investigation 
is  so  intimate  that  neither  can  he  pursued  with  any  prohnbihty  of  success, 
without  a  considerable  knowledge  of  the  data  and  principles  upon  which 
the  other  is  founde<I ;  and  he  will  evidently  be  the  most  likely  to  arrive  at 
the  discovery  of  important  general  truths  in  either,  who  includes  the  whole 
of  the  phenomena  of  Life  in  one  extensive  survey.  The  Physiolo^st  refers 
to  the  Naturalist  for  instances  in  which  a  function  is  performed  on  the 
same  general  plan,  hut  under  a  great  variety  of  circumstances,  as  mani- 
fested by  the  adaptation  of  the  structure  of  the  organ  to  the  medium  of 
eidstence,  (i?.j.  the  foimation  of  the  respiratory  membrane  into  lungs  or 
^lls) ;  whilst  the  Naturalist  refers  to  the  Physiologist  to  assist  him,  by 
the  examination  of  the  function  and  development  of  an  organ,  in  deter- 
mining its  real  character,  to  wiiich  the  consideration  of  its  form  ajid  struc- 
ture alone  might  not  lead  him.  The  Natural  System  of  Botany  affords  a 
beautifiil  example  of  this  conjoint  kind  of  investigation;  and  tliere  can  be 
little  doubt,  from  the  advances  recently  made,  that  some  of  the  most  im- 
portant laws,  regulating  the  stnicture  of  Uving  beings,  and  the  combination 
of  their  oipins,  will  be  speedily  disclosed  to  view. 

8.  Although  the  object  of  the  present  treatise  is  the  exposition  of  Phy- 
siological principles  alone,  it  seems  desirable  to  preface  these  hy  such  an 
outline  of  the  general  structure  and  arrangement  of  the  organs  on  which 
the  phenomena  of  Life  are  dependent,  as  may  render  subsequent  details 
respecting  their  functions  more  intelligihle.  We  shall  first  consider, 
therefore,  what  there  is  peculiar  in  the  mechanical  arrangement  of  the  par- 
ticles of  which  organised  stnictures  are  composed,  and  in  the  forms  which 
sHcIi  fabrics  present.  Tlie  principal  varieties  of  the  primnnj  or  elementaiy 
timniei   of  which    the  more  complex  ol^ns  of   Plants  and    .\nimals    arc 


NERAL   CHARACTERS   OF   ORGANISED    aTRUCTUBES,  7 

tnstnicted,  will  then  be  described  and  compared  with  one  Another.  And 
Btly,  the  general  characters  of  the  principal  groups  in  each  of  the  animated 
igdoms  of  Nature  will  be  pointed  out,  the  mode  in  which  their  bdividual 
are  arranged  and  combined  will  be  explained,  and  their  relative 
s  displayed.  Although  such  knowleilge  is  readily  accessible  to  the 
ident  of  Natural  History,  the  emliarrat  da  rirhfsfa  may  not  be  a  little 
E  perplexing  to  such  as  seek  only  that  extent  of  it,  which  will  enable  them  to 
I  piter  upon  the  study  of  Physiobgical  Science,  without  being  immediately 
ecked  by  the  want  of  this  kind  of  information.  It  will  probably  be  more 
(nducive  to  the  purpose  of  the  proposed  outUne,  to  commence  it  with  a  de- 
aiption  of  the  classeswhich  are  best  known ;  and  to  pass  from  these  to  others 
e  simple,  bnt  whose  structure  is  less  generally  understood,  of  which  a 
;  particiUar  description  will  therefore  be  frequently  required.  In  the 
ion  of  this  volume,  however,  devoted  to  the  consideration  of  the  stmc- 
V  and  fiinctions  of  particular  organs,  on  opposite  method  will  be  adapted ; 
e  there  is  an  evident  BdvaoCage  iu  tracing  these  in  their  simplest  mani- 
Lions,  and  thus  det«rmimng  what  arc  their  really  essential  conditions, 
«  esamtuing  their  more  complex  phenomena  in  beings  of  elevated  rank 
D  the  scale  of  animated  creation. 

II.- — Of  OrganUed  Sinicturea  in  General. 
9.  In  the  production  of  the  changes  which  constitute  the  Life  of  every 
animated  being,  we  find  an  agent  em])loyed  which  is  peculiar  to  the  bodies 
that  exhibit  such  changes,  and  which  is  entirely  dificreut  from  anything 
ne  obaerve  in  the  surrounding  universe.  This  agent  is  the  mechanism 
nhich  is  termed  organised  atructure ;  the  designation  given  to  it  implying 
that  it  conaists  of  sejiaratc  parts  or  organs,  each  of  which  is  adapted  to 
perform  some  distinct  part  in  the  Vital  economy.  The  whole  organised 
atnctiire  of  any  living  being  is  termed  its  organiam;  and  the  word  organi- 
latioH  is  used  to  imply  that  pecuUar  process  by  which  the  oi^uism  is  con- 
structed out  of  the  materials  supplied  by  the  inorganic  or  mineral  world, 
and  sometimes  also  to  itulicate  the  state  or  condition  of  the  matter  upon 
which  this  process — one  of  the  most  remarkable  of  all  the  vital  actions- — 
lins  been  effected.  When  we  come  to  enquire  into  the  nature  of  the 
iimctions  which  these  orgauised  structures  perform,  it  will  be  seen  that 
ibey  all  tend  towards  a  common  object — the  maintenance  of  the  integrity 
of  the  fabric.  ,\jid  it  may  be  regarded  therefore  as  the  pecuharity  of  an 
urganism,  that  its  distinct  parts  or  organs  are  destined  thus  to  subserve, 
each  in  its  own  particular  way,  some  general  purpose.  This,  indeed,  is 
one  of  the  pecuharities  which  distinguish  organised  structures  from  inor- 
ganic matter ;  for  in  a  mineral,  every  particle  possesses  a  separate  indi- 
viduality, and  whatever  changes  this  undergoes  in  obedience  to  physical 
I  agencies,  these  changes  occur  in  conformity  to  laws  which  apply  to  it  as 
feU  separately  as  in  conjunction  with  others  ;  whilst  in  a  living  being,  the 
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actious  of  all  parts  of  the  machine  are  so  counected  together,  that  wl 
ever  influences  one  single  particle  of  the  organism  ou  which  these 
depend,  will  more  or  less  affect  the  entire  system.  Thus,  we  may  supj 
a  mass  of  gold  alloyed  with  a  small  quantity  of  silver,  and  immersed 
nitric  acid ;  this  chemical  agent  will  affect  eyery  particle  of  the  silver 
completely  as  if  the  mass  consisted  of  nothing  else,  and  will  leave  the  gold 
in  its  previous  condition,  having  of  itself  no  power  of  dissolving  It.  On  the 
other  hand,  a  similar  chemical  agent  applied  to  an  organised  structure,  will 
not  only  destroy  the  integrity  of  the  part  itself,  hut  will  produce  a  dis- 
turbance of  the  general  functions  projiortional  to  the  importance  of  the 
o^an  which  has  been  injured ;  whUst  the  influence  of  any  of  the  ordinary 
esterual  agents  by  which  life  is  maintained  (see  chap,  ii.)  is  exercised 
only  on  the  parts  or  organs  with  which  they  are  ia  immediate  relation, 
througli  them  on  the  whole  structure. 

10.  But  it  may  be  said  that  this  is  no  more  than  takes  place  in 
engine  of  human  constnietion,  or  in  the  complicated  machine  of  the 
universe, — that  in  these,  as  well  as  in  living  bodies,  there  is  an  adaptation 
of  parts  to  each  other,  and  of  their  actions  to  some  general  purpose, — and 
that  all  forms  of  matter  are  possessed  of  properties  by  the  mutual  influence 
of  which,  changes  may  he  produced,  as  regular  and  as  ceaseless  as  those 
which  living  beings  exhibit.  Thus,  the  uniform  motions  of  the  heavenly 
bodies,  the  alternation  of  the  seasons,  the  continual  alterations  which  the 
crust  of  the  earth  is  undergoing,  the  earthquakes  and  volcanic  eruptions 
which  so  remarkably  excite  our  attention  to  those  alterations,  and  which 
may  he  regarded  as  more  prominent  indications  of  tlie  same  latent  causes, 
the  successive  evaporation  and  condensation  of  the  watery  covering  of  the 
globe,  the  perpetual  variations  in  the  force  and  direction  of  the  wind,  the 
occasional  recurrence  of  those  violent  meteorological  changes  which  spread 
terror  and  desolation  wherever  they  occur,  but  which  scire  such  important 
purposes  in  the  economy  of  Nature — all  these  phenomena,  and  many  more 
which  might  be  instanced,  result,  no  less  than  the  constant  changes  exhi- 
bited by  the  animated  creation,  from  that  adaptation  of  parts  to  a  whole, 
which  is  so  characteristic  of  design  in  the  universe  at  large.  Hence  some 
philosophers  have  gone  so  far  as  to  embody  these  phenomena  into  a  general 
expression — the  Life  of  the  World ;  and  as  far  as  the  abstract  meaning  of 
the  terms  is  concerned,  it  would  be  difficult  to  show  that  a  single  piece  of 
mechanism,  or  the  entire  universe,  is  not  organi»ed  as  completely  as  any 
animated  structure.  But  a  httle  consideration  will  show  that,  in  the  con- 
struction of  a  machine,  man  avails  himself  only  of  the  ordinary  or  physical 
properties  of  matter ;  and  that,  in  the  most  comphcated  arrangement  of  its 
parts,  each  single  element  possesses  only  the  same  capabilities  as  it  would  have 
if  separated  from  the  rest.  Thus,  the  moving  power  of  a  clock  is  given  by 
the  graiitation  of  a  weight, — that  of  a  watch  by  the  elasticity  of  a  spring, — 
that  of  a  steBii)  engine   by    (he   expansion   and   condensation   ol'  wnterv 
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and  all  the  rest  of  the  mechaniBrii  U  contrived  only  to  give  effect 
tliese  agencies  by  employing  them  in  the  manner  most  advantageous  for 
the  designed  end.  In  the  phenomena  of  the  imiverse,  again,  ve  see 
nothing  hut  the  agency  of  the  ordinary  pliysical  properties  of  matter. 
Thus  the  motions  of  the  solar  system  a!)  result  from  that  universal 
property  of  matter — gravitation— which,  originally  balanced  against  other 
forces,  will  continue  to  produce  the  same  effects  as  long  as  may  be  con- 
sistent with  the  designs  of  the  CreBtnr.  By  these  motions  are  produced 
^  the  variations  of  climate  and  season  in  our  own  glolie ;  and  from  the 
property  which  causes  them,  results  the  constant  movement  of  the 
8  of  our  ocean.  By  the  heat  of  the  central  luminary,  again,  are  pro- 
ly  occasioned,  either  directly  or  indirectly,  most  of  the  atmospheric 
ges  which  are  of  such  consetjueuee  to  the  well-licing  of  the  plants 
animals  that  people  this  earth ;  and  the  same  agent  has  a  most 
bnportant  and  immediate  inflnence  on  the  phenomena  of  their  growth  and 
decay-  Further,  it  appears  probable,  thai  the  supposition  of  an  inttmat 
beat  in  this  globe  itself,  coupled  with  the  known  effects  of  solar  heat, 
oceanic  movpments,  atmospheric  changes,  and  other  externa]  agents  upon 
its  Burtace,  (among  which  the  influence  of  living  beings  is  by  no  means 
the  least,  as  the  formation  of  coral  reefs  and  islands  sufficiently  exem- 
plifies,) will  ultimately  explain  the  constant  changes  which  its  crust  is 
Qudeivoukg. 

1 1 .  But  it  is  only  where  different  moterial  bodies  are  brought  into  a  re- 
lidoD  with  one  another,  by  which  their  properties  are  called  into  action, 
tiiat  these  changes  are  exhibited ;  and  so  long  as  any  mass  of  inorganic 
natter  is  placed  out  of  the  pale  of  their  influence,  it  may  remun  perfectly 
unchanged  for  an  indefinite  period.  In  the  miiieral  or  inorganic  world, 
therefore,  chmge  is  the  excejiiion,  and  permanenre  is  the  rule ;  whUst  in 
ihe  animated  kingdoms,  ckimge  is  constant  and  universal,  and  is  indeed 
essential  to  our  idea  of  Life  (§  1).*  When  we  eom]>are,  therefore,  the 
constant  changes  which  we  eucoimter  in  living  organised  beings  with  the 
iaert  state  of  inorganic  matter,  we  are  compelled  to  conclude,  that  to  what- 
ever extent  the  forces  which  control  the  latter  contribute  to  the  actions 
going  on  in  the  former,  there  must  be  additional  forces  resulting  from  the 
operation  of  properties,  to  which  we  know  nothing  analogous  elsewhere. 
The  degree  in  which  these  superadded  forces  harmonise  or  interfere  with 
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:tiirpshBve  rem&ined 
roptrtic*  (§19U— 4), 


ia  tnie  that  there  are  curtain  cases  in  nhich  orga 
I  fertectlf  unchanged  for  centuriea,  without  lotiinfl  thetr 
■  JBd  ws  hare  do  reason  Eo  believe  that  there  is  an;  Htn 
rttej  might  thus  exist.  But  it  irill  be  shown  Ihat  this  uaii  only  occur,  when  they 
lOt  merely  removed  from  the  influence  of  thoae  ordinary  rjeeomposing  agenti, 
ii  would  produce  physical  changes  in  their  atructure,  and  thus  occuion  the  aepa- 
I  lltiou  of  their  elements  and  the  loss  of  their  vital  propertiijs, — but  are  also  out  of  the 
of  those  stimuli,  which  would  rnuse  their  domant  vitality  into  active  life,  by 
g  changes  altagether  dicsimilar  in  character  to  lliosc  oftlie  Inoiganic  Univerac. 
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those  commoD  to  other  forms  of  matter,  constitutes  a  fair  and  1 
interesting  branch  of  enquiry  which  will  hereafter  he  pursued,  (chai 
But  it  is  at  present  suilicient  to  state  that,  since  these  properties  a 
exhibited  by  any  forms  of  matter  except  those  usually  denominated 
organised,  our  notion  of  an  organised  structure  is  founded  not  only  npion 
the  adaptation  of  its  parts  to  one  another,  but  upon  the  indisputable 
poaaesaion  by  each  part,  of  independent  properties,  by  which  it  is  enabled 
to  execute  actions  for  which  physical  laws  will  by  no  means  account. 
And  the  process  of  organisation  implies,  therefore,  not  only  the  conver^on 
of  the  homogeneous  materials  into  regular  and  complex  structures,  but  the 
simultaneous  endowment  of  them  with  vital  properties. 

12.  Although  in  every  Animal  and  Vegetable  fabric  there  are  many 
different  kinds  of  organised  tissue,  differing  from  one  another  both  in 
structure  and  properties,  and  although  these  again  present  difterences 
according  to  the  class  of  beings  in  which  the  examination  is  made,  yet  there 
are  certain  general  peculiarities  by  which  all  are  seen  to  be  characterised, 
when  contrasted  with  mineral  or  inorganic  bodies  ;  and  these  peculiarities 
are  as  manifest  in  the  humblest  and  simplest  member  of  the  animated 
creation,  as  in  the  most  elevated  mid  complex.  It  has  been  a  favourite 
attempt  amongst  many  naturalists,  to  trace  a  regular  gradation  or  scale 
through  the  whole  material  universe  ;  and  not  only  to  prove  that  the  line 
of  separation  is  indistinct  between  the  Animal  and  Vegetable  kingdoms, 
but  to  show  that  there  is  not  such  a  complete  division  between  the 
Organised  and  Inorganic  world  as  physiologists  think  themselves  justified 
in  erecting.  It  is  doubtless  true,  that  the  discoveries  of  modern  science 
are  constantly  bringing  to  hght  connecting  links  which  were  previously  de- 
ficient in  many  parts  of  the  chain ;  and  that,  in  particular,  an  increased 
acqimntflncc  vrith  the  various  races  of  Animals  and  Vegettdiles  which 
formerly  inhabited  this  earth,  through  many  successive  epochs,  seems 
hkeiy  to  fill  up  whatever  chasms  are  left  open  between  the  groups  at 
present  existing.  But  it  is  no  indication  of  a  philosophical  spirit  to 
attempt  to  discover  relations  where  none  can  by  possibUity  exist.  The 
simplest  of  the  aerial  flags,  such  as  the  Red  Snow,  or  the  Gory  Dew  (§91), 
as  well  as  the  most  minute  and,  apparently,  least  complex  animalcule, 
exhibit,  when  carefully  examined,  all  the  characteristics  of  organised  atnu}- 
tnre,  as  well  as  all  that  can  be  regarded  as  pccidiar  in  vital  actions.  They 
grow  from  a  germ,  increase,  reproduce  their  kind,  die,  and  decay,  as  regu- 
larly aa  any  of  the  higher  members  of  their  respective  kingdoms  ;  and  they 
present  the  same  peculiar  and  definite  arrangement  of  particles,  the  aame 
combination  of  fluid  and  solid  materials,  the  same  mutual  adaptation  of 
organs,  as  the  latter  possess. 

1 3.  However  close,  therefore,  may  be  the  links  by  which  the  Animal  and 
Vegetable  kingdoms  arc  connected  together,  the  relation  is  only  a  raulnal 
one  i  and  between  Organised  fabrics,  and  the  products  of  crystallisation,  (or 


kaiiyotherniodeofa^Tegatimiby  wliieh  Inorganic  matter  ia  held  together, 

I  masses  great  or  aiimll,)  there  is  a  total  want  of  resemblance.     In  thia 

IIBtfmce  110  analogy  can  be  traced,  except  what  is  vague  and  chimerical. 

!  absurd    speoilations  of  Robinet — who  described  nil  matter  as  pos- 

Based  of  living  properties,  and  who  regarded  every  object  in  esistencc, 

Aether  mineral,  vegetable,    or  animal,  as  resulting  from   the  repeated 

nature,  becoming  only  progressively  sucecssfiil,  to  form  man — 

a  now  only  excite  our  pity  and  contempt.     Yet  this  doctrine  has  been 

bocated  by  many  conlinental  authors,  who  have  even  represented  the 

intastic  forms  assumed  by  many  minerals,  and  bearing  sonic  resemblance 

B  different  parts  of  the  Imnian  body,  as  so  many  proofs  of  this  long  and 

gliog  apprenticeship  of  nature  to  the  art  of  man-ntaking ;  and  there 

e  philosophers,  even  at  the  present  time,  who  liold  doctrines,  which  if 

red   from   their  veil  uf  mysticism,  and   expressed    in    ordmary    Ian- 

,  would  probably  he  found  to  be  not  dissimilar.*     To  show  in  what 

e  state  of  organisation  essentially  consists,  it  will  be  necessary  to  con- 

Iilnst,  in  more  detail,  the  peculiarities  common  to  all  beings  which  exhibit 

itt  with  the  condition  of  inorganic  or  mineral  bodies. 

14.  Wherever  a  definite  /orm  is  exhibited  by  mineral  substances,  thai 
form  ia  bounded  by  straight  lines  and  angles,  and  is  the  effect  of  the  pro- 
cess termed  cryttuUttation.  Thia  process  results  from  the  tendency  which 
evidently  exists  in  particles  of  matter,  espedallv  when  passing  grndually 
from  the  gaseous  or  fluid  to  the  solid  state,  to  arrange  themselves  in  a 
regular  and  conformable  manner  with  regard  to  one  another ;  and  there 
is,  perhaps,  no  inorganic  element  which  is  not  capable  of  assuming  such 
form,  if  placed  in  circumstances  adapted  to  the  manifestation  of  this  tendency 
among  its  particles.  The  mineralogist  is  conversant  with  an  immense 
rariety  in  the  forms  of  crystals ;  these,  however,  may  all  be  reduced  to  a 
few  primary  types,  from  which  the  mathematician  can  deduce  the  rest. 
But,  on  the  other  hand,  if  the  particles  be  not  placed  in  cireum stances 
favourable  to  this  kind  of  union,  and  the  simple  molecnlnr  attraction,  or 
attraction  of  cohesion,  is  exercised  in  bringing  them  together  without  any 
general  control  over  their  direction,  an  indefinite  and  shapeless  figure  is 
ismmed.  Neither  of  these  conditions  linds  a  parallel  in  the  organised 
creation.  From  the  lowest  to  the  highest  of  living  beings,  the  shape  is 
determinate  for  each  individual, — not  only  as  a  whole,  but  even  as  to  each 
of  its  component  parts ;  and  instead  of  l)eing  circumscribed  within  angles 
aad  right  lines,  otpinised  fabrics  usually  present  a  rounded  outline  and 
convex  surface.  It  is  true,  that  in  the  Vegetable  kingdom,  and  to  a  certain 
etteat  among  Animals  also,  we  find  a  considerable  difference  in  the  external 


•  See  H  Memoir  on  the  Kingdom  of  Natures,  their  Life  and  Affinity,  by  Dr.  C.  G. 
Cuui,  tmnihtlcd  in  Taylor'n  Scientific  Momnini,  vol.  i. ;  nntl  the  ingenious  but  vaguo 
"PhilosophiederilistoircNalnrolIc"  of  M,  Viiry. 


forms  of  objects  of  tbe  same  species ;  but  this  difference  is  restrained 
within  certain  limits,  and  may  usually  be  referred  to  the  influence  of  ex- 
ternal causes.  {§  94.)  Although,  as  has  been  stated,  the  characteristics  of 
organisation  are  never  so  far  absent  from  the  living  structure  as  to  indicate 
a  transition  to  tbe  mineral  world,  it  is  interesting  to  remark,  that,  as  we 
descend  in  the  scale  of  animated  creation,  we  fiod  these  peculiarities  less 
strilting.  And  with  regard  to  fwm,  it  may  be  observed,  that  this  seems 
least  definite  among  the  Sponges  and  Polypifera  (coral-formers)  among 
Animals,  and  among  the  lowest  groups  of  Cellular  plants  among  Vegetables ; 
and  that  there  is  reason  to  believe  that  among  these  the  same  germ  may 
assume  a  variety  of  distinct  forms,  according  to  the  circumstances  under 
which  it  is  developed,  just  as  the  same  mineral  substance  may  present  it 
under  a  diversity  of  crystalline  shapes. 

15.  With  regard  to  the,  again,  nearly  the  same  remarks  apply  ; 
the  magnitude  of  inorganic  masses  is  entirely  dependent  on  the  immbCf 
of  particles  which  can  be  brought  to  constitute  them,  and  is  therefore 
completely  indeterminate ;  whilst  the  size  of  hving  beings  is  restrained, 
like  their  form,  within  definite  hmits,  which  vary  to  a  certain  extent  in 
each  individual.  And,  as  in  the  former  case,  the  fhe  to  which  the  infe- 
rior members  of  the  animated  kingdoms  may  increase,  seems  but  little 
restricted  in  comparison  with  that  of  the  higher  classes ;  so  that  it  is  of  no 
uncommon  occurrence  for  some  species  of  sea-weed  to  attain  a  length  of 
many  hundred  feet ;  and  in  those  enormous  masses  of  coral  which  com- 
pose so  many  islands  and  reefs  in  tbe  Polynesian  Archipelago,  or  of  which 
the  debris  seem  to  have  constituted  many  of  the  calcareous  rocks  of  ancient 
formation,  it  woidd  be  sometimes  impossible  to  ascertain  the  limits  to 
which  a  single  individual  extends  itself. 

16.  Having  considered  the  external  form  and  size,  we  have  now  to 
compare  the  internal  arrangement  or  aggregation  of  the  particles  respec- 
tively composing  organised  structures  and  inorganic  matter.  And  here  we 
at  once  meet  with  a  striking  and  remarkable  difference.  Every  particle 
of  a  mineral  body  may  exhibit  the  same  properties  as  those  possessed  by 
the  whole ;  and  if  there  is  a  variation,  it  results  only  from  an  impurity  or 
admixture  of  some  other  body.  Tlie  chemist,  in  experimenting  with  any 
substance,  cares  not,  therefore,  except  as  a  matter  of  convenience  merely, 
whether  a  grain  or  a  ton  be  the  subject  of  his  researches.  The  miuntest 
atom  of  carbonate  of  lime  has  all  the  properties  of  a  crj-stal  of  this  sub- 
stance, were  it  as  large  as  a  mountain.  Hence  we  are  to  regard  a  mineral 
body  as  made  up  of  an  indefinite  number  of  constituent  particles,  similar 
to  it  and  to  each  other  in  properties,  and  having  no  further  relation  among 
themselves  than  that  which  they  derive  from  their  juxtaposition.  Eaek 
particle  may  be  considered,  therefore,  as  having  a  separate  iiidividualily. 
The  living  body,  on  the  other  hand,  whether  of  a  Plant  or  Animal,  is 
itiiidc  up  of  a  number  of  organs,  each  of  which  ha?  a  peculiar  texture  and 


and  it  derives  its  character  from  the  whole  of  these  collec- 
ilivelf .  By  their  action  nith  each  other,  and  with  external  ogenta.  Life 
b  produced ;  and  hence  there  ib  a  relation  between  their  elementary  eonsli- 
tnents  much  closer  than  that  of  proximity  only,  namely,  that  of  mutual 
t4ependence ;  so  that,  as  no  one  part  can  continue  to  exist  without  the  rest, 
cannot  be  regarded  as  possessing  that  separate  individuality  which 
"  mgs  to  the  whole  system  alone.  Thus,  the  perfect  Pknt  which  has 
stem,  and  leaves,  is  an  example  of  an  organised  structure  in  whieh 
"the  relation  of  evccy  part  to  the  inlegrity  of  the  whole  is  sufficiently 
obvious  ;  since  every  one  is  aware  that,  if  completely  deprived  of  any  of 
these  parts,  the  plant  will  perish  unless  eiulowed  with  the  power  of  replac- 
ing them  ;  and  no  one  portion  separated  troin  the  rest  can  long  contimie 
its  functions.  But  yet,  in  the  plant,  many  of  these  organs  are  but  re[)e- 
titions  of  each  other,  so  that  some  may  be  removed  without  permanent 
injury  to  it,  provided  enough  are  letl  to  maintAin  its  present  existence.  In 
the  more  highly  organised  Animal  structures,  however,  where  the  greater 
diversity  of  organs  forbids  such  repetitions,  the  mutual  dependence  of 
their  actions  npon  one  another  is  much  greater,  and  the  loss  of  a  single 
part  is  much  more  hkcly  to  endanger  the  existence  of  the  whole.  But 
when  we  look  at  the  lower  classes  of  plants  and  animals  in  this  point  of 
view,  it  is  often  very  difficult  to  fix  the  limits  of  their  individiiahty.  Thus 
there  are  some  even  among  the  Mollusca  {^  HO)  which  unite  together 
into  aggregate  masses  during  one  period  of  their  existence,  and  separate  at 
another.  And  among  the  Eutozoa  and  Radiata,  there  are  many  wliich  arc 
so  entirely  composed  of  rei)etitions  of  the  same  parts,  that  they  may  be 
multiplied  by  subdivision.  There  are  among  the  Sea-weeds  also,  and 
eapeeially  among  the  fresh-water  Confervie,  many  species  in  which  several 
similar  parts  are  united  together  for  a  time,  and  afterwards  spontaneously 
separate,  so  as  then  unquestionably  to  become  distinct  individuals.  Even 
among  the  higher  Plants,  as  among  the  Polypifera,  which  so  much  resem- 
ble them  in  their  mode  of  growth  and  increase,  it  may  reasonably  be 
enquired  if  every  bud  is  not  to  be  regarded  as  a  separate  individual,  since 
each  is  capable  (like  the  polype)  of  inaintnining  its  own  existence  when 
removed  from  its  parent  structure.  It  may  be  found  not  altogether  an 
incorrect  or  imnalural  representation  of  the  gradation  which  exists  in  this 
character,  to  say — Tlie  indimduality  of  a  Mineral  substance  resides  in  eaeh 
molecule ;  that  of  a  Plant  or  inferior  animal,  in  each  member  ;  and  that  of 
one  of  the  liigber  Animals,  in  the  sum  of  all  the  organs. 

17.  The  next  i>oint  of  difference  between  organised  structures  and 
mineral  bodies  is  their  eoiisislence.  Inorganic  substances  can  scarcely  be 
regarded  as  possessing  a  »lrutfure,  since  they  are  exclusively  made  up  of 
one  form  of  matter,  which — -whether  sohd,  liquid,  or  gaseous — is  uniform 
or  homogeneous  throughout,  being  composed  of  similar  particles  held  toge- 
ther by  attractions  which  affect  all  alike.     It  may  be  objected  to  this  state- 
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ment,  that  there  are  solid  mmeral  substances,  to  the  crystallisatios 
water  is  essential,  and  others  which  inclose  it  within  cavities  :  but  i 
first  of  these  cases,  the  water  becomes  solidified,  being  chemically  united 
with  the  substance  ;  and  in  the  second,  its  presence  is  merely  accidental. 
Far  different  is  the  organised  structure  of  hving  beings  ;  for  in  this  may  be 
detected  an  arrangement  of  the  ultimate  particles  very  different  from  that 
which  crystallisation  produces  ;*  and  it  is  always  composed  of  a  mustiire  of 
sohd  and  fluid  elements,  which  are  so  intimately  eombmed,  as  to  produce  a 
degree  of  flesibility  and  tenacity  strongly  opposed  to  the  rigidity  and  brit- 
tleness  of  mineral  Buhstancea,  And  it  will  be  noticed  that,  wherever  it 
becomes  necessary  that  for  the  support  of  the  fabric  an  extraordinary 
degree  of  firmness  should  be  given  to  any  |jortion  of  the  structure,  this 
quality  is  imparted  by  the  deposition  of  earthly  or  saline  particles,  which 
frequently  retain  their  crystalline  form,  and  are  evidently  subject  to  no  laws 
hut  those  of  physics  and  chemistry  (§  46).  Thus  we  have  carbonate  a 
lime  diffused  throngh  almost  all  the  tissues  of  Plants,  and  a  copious  dep 
sition  of  siles  beneath  the  surface  of  the  grass  tribe,  where  lightness  ii  d 
he  especially  conjoined  with  strength.  It  has  been  lately  shown  that  | 
universaDy  do  the  tissues  of  plants  receive  support  from  these  in 
elements  deposited  in  their  interstices,  that,  if  the  oi^anised  portioi 
structm-e  he  carefully  destroyed  by  the  agency  of  heat,  an  earthy  skeleti 
will  remain  in  which  the  forms  of  all  the  parts  will  be  distinctly  marked 
out.  In  Animal  stnictures,  earthy  depositions  are  usually  more  concen- 
trated into  particular  spots,  especially  where  the  locomotive  powers  are 
considerable  ;  since  it  is  obviously  essential  to  the  exercise  of  those  powers, 
that,  whilst  the  frame-work  which  gives  attachment  to  the  organs  of  pro- 
pulsion should  be  solid  and  imyielding,  these  organs  themselves,  as  well 
as  other  parts  of  the  fabric,  should  be  capable  of  great  freedom  of  action. 
In  the  higher  animals,  therefore,  we  find  carbonate  and  phosphate  of  lime 
deposited  in  special  situations,  so  as  to  give  a  firm  basis  for  the  attachment 
of  softer  structures  ;  the  former  uigiedient  predominating  where  the  skele- 
ton is  massive  and  external,  as  in  the  MoUuscaiu  general ;  the  latter  where 
it  is  enclosed  within  the  softer  parts,  and  where  concentration  of  bulk 
without  diminution  of  strength,  is  therefore  an  important  object.  But 
there  are  some  among  the  lowest,  in  which  the  adaptation  for  locomotive 
powers  is  no  object ;  and  here  we  find  the  structure  even  more  universally 
penetrated  with  calcareous  matter,  than  that  of  vegetables.  Thus,  the 
masses  of  Coral,  which  were  long  supposed  to  be  constructed  as  habitations 
by  the  Polypes  found  in  connection  with  them,  are  now  known  to  be  pro- 

•  It  has  been  a  fevonrite  doctrine  on  the  part  of  many  Phyaologists,  that  the  ultimalu 
pBrtiplea  of  oreanised  tiaauea  have  always  a  globular  form  ;  there  ia  little  doubt,  however, 
that  ttuBBtalement  ia  partly  hassd  on  an  optical  illusion;  and  it  seem*  most satig&clorilj 
reibted  by  Ehreoberg,  who  has  shown  that  there  are  animoleulea  of  complex  strnrture 
more  miaule  than  the  so-called  altimalo  elobulea. 


hy  the  deposition  of  caliATeoits  matter  in  tlip  soft  jcUy-Uke  BubstaiiL-e 
Bcb  constitutes  tlic  reiil  flcah  of  the  auJmal,  and  are  therefore  to  be  mn- 
lered  as  part  of  the  liring  system  (5  151),    Moreover,    it  is  iii  the  parts 
which  depositions  of  this  kind  take  place,  that  vital  elianges  are  least 
lively  performed ;  and  we  find  the  bones  of  animals,  and  the  woody 
re  of  plants,  to  be  the  portions  of  their  respective  structures  which 
Mist  decay  the  longest,  and  thus  rauk  nearest  to  mhieral  substances. 
Tiuie,  on  the  other  hand,  it  is  by  the  soflcst  tissues  that  the  most  active 
Jimctions  are  performed  :  and  these  frequently  lose  by  subse<nieiit  consoU- 
datiou  the  properties  which  rendered  them   capable  of  such   im|)ortant 
Atties.     Thus,  the  spoiuiioles  of  plants,  by  vthich  the  nutritious  fluid  is 
fatrodnced  into  their  vessels  (§  292),  are  iiotliing  but  the  newly-formed  siu!- 
ilMdent  estremities  of  their  rootlets  ;  and,  when  condensed  by  the  addition 
if  new  materials,  they  become  embodied  into  the  substauce  of  the  root, 
transfer  their  function  to  fresh  prolongations  of  the  fibres.     In  like 
ner,  the  cartilaj^s  of  animals  become  consolidated  by  the  advance  of  Ufe, 
their  elastic  pliancy  gives  place  to  rigid  density.     And  tliat  texture  of 
the  oflices  are  most  important,  and  the  furthest  removed  from  any 
ttnng  analogous  in  the  external  world,  the  nervous  matter — is  the  sotlest 
the  most  decomposable  of  all  the  tissues  of  the  body,  and  is  constantly 
being  renewed  (if  we  so  may  judge  of  the  object  of  the  vaat  quantity  of 
blood  with  which  it  is  supplied)  in  the  Uving  body,  in  proportion  to  the 
demands  upon  its  exercise.     While  solidity  or  hardness,  therefore,  may  he 
looked  upon  as  the  term  of  perfection  in  the  Mineral  kingdom,  softness 
often  appears  to  be  the  peculiar  characteristic  of  the  most  important  vital 
or  Organised  structures ;  and  this  results  from  the  large  quautity  of  liuids 
which  enter  into  their  texture.     To  this  softness  may  be  attributed  the 
romidneSB  of  form  characteristic  of  organised  beings,  which  is  most  evident 
when  the  tissues  contain  the  greatest  proportion  of  fliud.     On  the  other 
hand,  the  plane  surfaces  and  angular  contours  of  mineral  bodies,  are  evi- 
dently due  to  the  mode  in  which  they  are  enlarged,  by  the  deposition  of 
solid  particles  on  their  external  surface. 

18.  .\  peculiarity  in  respect  to  their  cheiaieal  eowtitution  is  usually 
regarded  as  belonging  to  organised  structures.  This  point  being  at  present 
made  the  subject  of  zealous  enquiry  on  the  part  of  many  distinguished 
philosophers,  and  great  dilTerence  of  opinion  existing  among  tliem,  it 
teems  sdiisable  to  state  in  this  place  only  what  is  positively  known.  Of 
the  elementary  constituents  of  lii'iiig  bodies,  it  may  be  observed,  in  the 
first  place,  that  no  substance  is  found  in  them  which  does  not  also  occur  in 
the  world  around.  This  fact  is  a  remarkable  ont^ ;  but  a  little  considera- 
tion will  show  that  it  is  a  necessary  result  of  the  mode  in  which  their 
structures  are  organised,  or,  as  it  were,  built  up  of  the  materials  supplied 
from  external  sources.  For  the  parent  communicates  to  its  offspring,  not 
so  much  the  structure  itself,  as  the  power  of  forming  that  structure  from 
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the  surrounding  elements.  Of  the  54  umple  or  elementair  subst 
which  occur  in  mineral  bodies,  only  about  18  or  19  are  found  in  plant! 
animals,  and  many  of  these  in  extremely  minute  proportion,  although 
perhaps  not  on  that  account  in  a  state  of  lesa  aetiiity  (§  572).  Now 
with  regard  to  these  it  may  be  observed  that,  while  the  bulk  of  the  inor- 
ganic world  is  made  up  of  the  metals  and  their  compounds,  (which  form 
the  alkalies,  earths,  and  some  of  the  acids,)  the  essential  ingredients  of 
living  bodies  appear  to  be  four  of  the  non-metallic  elements,  viz.  oxygen, 
hydrogen,  nitrogen,and  carbon;  of  which  the  first  three  in  their  uncombined 
state  have  a  gaseous  fonn.  Of  these,  carbon  may  be  regarded  as  the 
most  characteristic  ingredient  in  the  composition  of  vegetables,  and  nitro- 
gen in  that  of  animals  :  it  was  formerly  sup[>osed  that  the  latter  very  rarely 
exists  in  the  vegetable  kingdom,  but  further  research  lias  shown  that  it  is 
much  more  extensively  difiiised  than  was  believed,  though  usually  present 
only  in  small  proportion.  It  is  an  interesting  fact,  lately  a.iccrtaiued  by 
the  researches  of  M.  Payen,  that  the  proportion  of  azote  is  most  abun- 
dant in  the  growing  parts  of  Plants,  and  diminishes  when  they  have 
acquired  their  permanent  character.  Scarcely  any  of  the  54  elementary  sub- 
stances are  found  in  an  uncombined  state  in  nature ;  most  of  them  exist  in 
union  with  others  ;  and  in  some  the  tendency  to  remain  thus  combined  b 
so  strong,  that  they  can  with  great  difficulty  be  obtained  in  a  free  state.* 
Now  this  tendency  to  combine  with  other  bodies,  or  in  other  words  this 
affinity — a  term  which  we  must  be  careful  not  to  employ  as  signifying  a 
distinct  or  separate  force,  being  only  the  expression  of  a  propw/y  of  certain 
forms  of  matter, — is  possessed  by  all  simple  substances  in  a  greater  or  less 
degree.  It  is  by  its  action  that  compoimds  are  formed,  and  that  these 
compounds  have  a  tendency  to  unite  with  one  anotlier.  It  is  by  the  opera- 
tion of  affinity,  also,  that  compounds  already  in  existence  are  decomposed ; 
a  new  and  more  powerfVd  set  of  forces  being  brought  into  action  by  the 
change  of  circumstances,  which  occasions  the  separation  of  the  elements 
that  have  the  weaker  attraction  for  one  another,  and  their  reunion  into 
other  compounds  where  they  are  more  firmly  held  together. 

19.  In  forming  our  opinion  as  to  the  nature  of  the  affinities  by  which 
the  elements  of  living  tissues  are  held  together,  it  is  important  to  recollect 
that  those  which  are  regarded  as  strictly  chemical,  (being,  in  fact,  the 
result  of  the  electrical  properties  of  bodies),  are  very  mnch  affected  by 
temperature  and  other  external  influences,  so  as  even  to  be  reversed  by 
them;  Thus,  potassium  at  low  degrees  of  heat  has  a  much  stronger 
affinity  for  oxygen    than   iron,   and   to   obtain   oxygen  will    decompose 

*  Indeed  of  one — Fluorine— it  mny  he  said  that  it  has  never  yet  been  obtained  in  « 
HpUBtc  farm,  snce  ita  tcniienc;  to  combine  with  all  other  bodies  i^  bo  powerful,  that 
there  ia  no  one  of  them,  not  even  platinum,  with  which  it  does  not  unite  if  brought 
in  contart  with  il.  Its  properties  can  therefore  only  be  judged  of  from  its  observed  eReet 
and  from  the  anslogie'  which  it  presenla  to  other  elements. 


most  »ny  substance  into  whicb  it  enWrs;  but  at  a  whitt  hrat,  the 
ffinity  of  iron  is  so  much  grenter  that  it  will  decompose  potosta  (the 
■ddc  of  polaasimn),  and,  by  subtracting  the  oxygen,  will  leuve  the  metal 
B  an  uncombined  state.  The  affinity  of  mercury  for  oxygen  is  affected 
n  the  contrary  manner  by  beatj^thia  metal  being  oxidised  by  contact  with 
r  when  near  its  boiling  point,  but  losing  its  affinity  for  oxygen  at  a 
r  temperature.  It  is  scarcely  a  sufficient  ailment,  therefore,  for 
e  existence  of  a  set  of  rita]  affinities,  distinct  from  thos*-  which  hold 
organic  substances  in  combination,  to  say  that  all  organised  tissues 
^bit  a  tendency  to  spontaneous  decomposition  by  the  separation  of  their 
or  by  tbcir  dissipation  under  simpler  forms,  immediately  upon 
1  loss  of  their  vitality.  That  this  is  a  usual  occurrence,  every  one 
knows ;  and  it  is  so  obvious  as  to  have  given  rise  to  the  well-known  defini- 
tioti  of  life,  that  it  is  the  power  by  which  decomposition  is  resisted.  But 
_  tile  inference  from  it — that  the  affinities  which  hold  together  the  elements 
ing  life  are  of  a  different  nature  from  those  which  operate  in  producing 
r  siibseijuent  separation — appears  scarcely  entitled  to  the  character  of 
K{MsitiTe  law.  For  it  may  be  readily  shown  hy  a  reference  to  well-known 
pysiologica]  facts,' thai  no  solid  or  fluid  comjiounds,  which  have  a  disposi- 
D  to  spontaueouB  decay  after  death,  can  continue  to  east  without  change 
iring  Me ;  and  that  the  activity  of  the  processes  of  interstitial  absorption 
(chap,  tii.)  and  reposition  (chap,  vmi.)  seems  to  bear  a  pretty  constant 
twio  in  every  esse  with  the  natural  tendency  to  stjiaration.  So  that  the 
miiintenaace  of  the  original  combination  may  he  owing,  not  so  much  to 
anything  peculiar  in  its  vital  affinitiet,  as  to  the  constant  pniiision  for  the 
removal  of  particles  in  a  state  of  incipient  decay,  and  their  replacement 
with  others  fVeshly  united  by  the  peculiar  operations  of  the  living  system, 
the  nature  of  which  vrill  Iw  hereafter  considered.  Thus,  we  find  that  all  the 
most  permanent  parts  of  the  animal  frame,  such  as  the  massive  skeletons  of 
the  Polypifera,  the  calcareous  enclosure  of  the  Mollusca,  the  bony  scales  of 
Fishes,  &e.,  all  of  which  are  believed  by  geologists  to  have  remained  nearly 
DnehaDged  for  thousan'la  of  centuries,  are  almost  extrariacular  in  the 
livmg  animal,  that  is  to  say,  scarcely  permeated  hy  imtritious  or  absorbent 
vessels,  and  nndei^oing  little  or  no  interstitial  change  when  once  formed. 
Next  tfl  these  in  order  of  durability,  are  the  osseous  structures  of  Animals, 
end  the  woody  fibre  of  Vegetables,  whose  connection  with  the  nutritive  sys- 
tem appears  rather  adapted  to  meet  the  exigencies  of  growth,  injury,  or  dis- 
rase,  than  to  mauitain  a  constant  change  required  hy  the  tendency  to 
rlecomposition.  When  we  examine  the  softer  tisanes,  on  the  other  hand, 
vt  find  that  the  rapidity  of  interstitial  change  iully  compensates  for  the 
increased  tendency  to  decay  :  but  that  if  this  ebange  he,  from  any  cause, 
prevented,  decomposition  and  loss  of  vital  properties  ensue, — as  in  the 
ease  of  spontaneous  gangrene  from  obstructed  circulation.  It  is  interesting 
lo  remark  also,  tliat  the  Uberation  of  carbonic  acid,  which  begins  so  soon 
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after  death,  and  is  one  of  the  first  signs  of  putrefaction,  ia  the  moat  con- 
Btant  and  Decessary  excretion  of  the  body  during  life,  being  thrown  off  not 
only  by  the  special  respiratory  apparatus,  but  aiso  by  the  general  surface. 
It  might  further  be  ai^ed  against  the  doctrine  of  a  distinct  set  of  lital 
affinities,  that  the  circumstances  under  which  organic  compounds  exist  in 
the  liviug  body  differ  in  so  many  particulars  from  those  of  dead  matter, 
that  no  conclusion  could  be  faiily  drawn  from  the  fact  of  their  spontaneous 
decomposition  after  death  ;  since  inorganic  chemistry  affords  so  many  eiam- 
plea  of  the  occurrence  of  similar  changes,  under  the  influence  of  very  slight 
variations  in  temperature,  electrical  condition,  light,  &c. 

20.  It  has  usually  been  maintained  that,  in  the  composition  of  inor- 
ganic substances,  the  elements  unite  together  in  a.  binary  arrangement, 
aad  in  a  relation  which  admits  of  being  very  simply  expressed;  and  that 
all  the  more  complex  arrangements  admit  of  being  resolved  into  this  simple 
fonn.  Thus,  sulphur  and  oxygen  unite  in  the  proportion  of  I  to  3,  to 
form  sulphuric  acid ;  and  sodium  and  oxygen  in  the  proportion  of  1  to  1, 
to  form  the  alkah  soda  ;  equivalents  of  each  of  these,  if  brought  together, 
unite  to  fonn  the  salt  termed  sulphate  of  soda ;  and  this  salt  may  unite 
with  some  other  of  analogous  composition  to  fonn  a  double  salt.  On  the 
other  hand,  it  is  usually  heheved  that  the  proximate  principles,  as  tbey 
are  termed,  of  organic  compounds,  (that  is  to  say,  the  simplest  forms  to 
which  these  compounds  can  be  reduced,  without  altogether  disuniting  them 
into  their  ultimate  elements),  consist  of  three  or  four  ingredients  united 
together  in  a  relation  of  much  complexity.  Thus,  one  equit'alent  of  the 
vegetable  alkali  quinine  ia  made  up  of  21  equivalents  of  carbon,  12  eq.  of 
hydrogen,  I  eq.  of  nitrogen,  and  2  eq.  of  oxygen.  But  on  this  it  may  be 
observed,  that  there  are  undoubtedly  some  proximate  principles  which 
consist  of  two  elements  alone ;  as  for  instance,  the  compounds  of  hydro- 
gen and  carbon  which  exist  as  such  in  living  bodies.  Again,  our  ignorance 
of  the  appropriate  means  of  analysis  is  very  likely  to  lead  ns  astray ; 
since  there  ia  no  improbability,  but,  on  the  other  hand,  an  almost  positive 
certainty,  that  most  of  the  more  complex  organic  substances  might  be 
resolved  into  simpler  compounds,  if  the  chemist  knew  how  to  treat  them. 
Let  us  compare  for  example  the  two  instances  just  quoted.  If  the 
chemist  were  at  once  to  analyse  the  sulphate  of  soda  into  its  ultimate 
elements,  he  would  find  it  made  up  of  1  eq.  of  sulphur,  4  eq.  of  oxygen, 
and  1  eq.  of  sodium.  Were  this  all  that  he  knew  of  its  composition,  he 
would  be  at  a  loss  to  say  how  the  oxygen  ia  distributed  between  the  other 
elements.  But  knowing,  as  he  does,  that  the  salt  contains  two  binary 
compounda  which  he  can  separately  examine,  he  may  say  with  confidence 
that  the  oxygen  is  distributed  between  the  sulphur  and  the  sodium  in  the 
proportion  of  3  to  I.*     Now  it  is  obvious  that,  as  long  as  compounds  hke 

*  The  Author  haA  thought  it  better  to  keep  to  the  usual  opioion  cm  the  compositloQ  of 
■fttti,  though  by  no  meone  insBDuble  to  the  beautf  of  the  new  donrines  which  have  bem 


GENERAL    CHARACTERS    OF   ORGANISED    STRUCTURES.  19 

quinine  remain  in  their  original  state,  we  must  be  in  total  ignorance  of  the 
method  in  which  their  elements  are  united  :  but  the  progress  of  analytical 
research  undoubtedly  tends  to  indicate  that  such  complex  arrangements 
may  be  resolved  into  those  of  a  simple  binary  character ;  and  with  regard 
to  the  vegetable  alkalies  in  particular,  it  is  now  generally  admitted  that 
they  owe  their  power  of  neutralising  acids,  to  the  ammonia  which  enters 
into  their  composition. 

21.  The  discovery  of  cyanogen  may  be  regarded  as  a  most  important 
era  in  the  history  of  Organic  Chemistry.  Although  a  compound  substance 
(consisting  of  carbon  and  nitrogen),  it  is  capable  of  acting  as  a  simple  ele- 
ment in  union  with  others ;  and  thus  a  cyanide,  though  containing  three 
elementary  bodies,  is  to  be  looked  upon  as  a  binary  compound,  hke  an 
oxide,  a  chloride,  &c.  Cyanogen  is  termed,  on  this  account,  a  compound 
radiced;  and  the  progress  of  analytical  enquiry  makes  it  probable,  that 
many  such  exist  in  organic  combinations.  Thus  camphor,  which  was  long 
regarded  in  the  light  of  a  proximate  principle,  and  which  consists  of  8  hydro- 
gen, 10  carbon,  and  1  oxygen,  is  now  found  to  be  an  oxide  of  camphene, — 
a  compound  radical,  formed  by  the  union  of  carbon  and  hydrogen,  which  will 
mute  with  another  equivalent  of  oxygen  to  form  camphoric  acid,  and  with 
chlorine,  iodine,  &c.  into  other  compounds.  Many  such  instances  might 
be  adduced ;  and  new  ones  are  so  rapidly  being  discovered,  that  chemists 
have  generally  agreed  to  receive  the  doctrine  of  Liebig,  who  maintains  that 
oi^anic  as  well  as  inorganic  compounds  may  be  resolved  into  two  compo- 
nents, of  which  one  is  usually  an  elementary  substance,  whilst  the  other  is 
itself  capable  of  decomposition.  From  the  prominent  position  occupied  by 
the  compound  radicals  among  the  components  of  organic  substances,  it  has 
been  proposed  to  denominate  the  branch  of  the  Science  which  treats  of  the 
latter — ^the  Chemistiy  of  Compound  Radicals.  This  supposes,  however^ 
that  no  such  combinations  exist  in  the  inorganic  world ;  whereas  many 
chemists  beheve  that  even  this-  character  of  difference  does  not  exist 
(§  20,  note).  Whether  this  be  true  or  not,  it  seems  an  imquestionable 
fact,  that  every  firesh  discovery  is  tending  to  break  down  the  barrier  between 
the  two  classes  of  bodies — organic  and  inorganic, — as  far  as  regards  their 
method  of  chemical  combination. 

22.  Investigations  into  the  elementary  arrangement  of  the  parts  which 
primarily  compose  organised  structures,  are  often  attended  with  much 
difficulty  and  liability  to  error.  The  minuteness  of  the  objects  which  are 
to  be  examined,  and  the  changes  which  may  be  produced  in  them  by  the 

latdy  offered.  (See  Graham's  Elements  of  Chemistry,  p.  158,  &c.)  To  those  who  are 
acquainted  with  these,  it  will  be  evident  that  their  tendency  is  to  indicate  a  still  greater 
resemblance  than  that  here  pointed  out  between  organic  and  inorganic  compounds ;  the 
sulphate  of  soda  being,  on  this  view,  formed  by  the  union  with  sodium  of  the  compound 
radical,  solphatoxygen,  which  is  regarded  as  analogous  with  cyanogen,  and  as  combining, 
like  chlorine,  iodine,  &c  ,  with  the  metals  and  other  bases. 

c  2 


pTepsratioQ  they  are  necessarily  made  to  undergo,  before  being  submitted 
to  microscopic  inspection,  not  to  mention  the  deceptions  arising  from 
imperfection  in  the  instrument  itself,  or  from  the  mode  of  employing  it, 
have  led  to  much  discrepancy  in  the  statements  of  different  observers. 
Too  often  the  descriptions  given  have  not  been  of  what  has  been  actually 
seen,  but  of  what  has  been  imagined  ;  and  thus,  without  any  intention  of 
felsilying  them,  they  have  been  shaped  according  to  the  preconceived 
notions  of  the  enquirer.  Hence,  an  examination  of  the  characters  of  the 
primary  tissues,  whether  of  Plants  or  Animals,  requires  not  only  considera- 
ble manual  skill  and  dexterity  in  the  use  of  the  microscope,  but  an 
acquaintance  with  all  the  fallacies  arising  from  the  difference  between  the 
image  presented  to  the  eye,  and  the  object  as  it  exists  in  its  natural  situa- 
tion ;  besides — what  is  e^-en  more  important — a  perfect  readiness  to  pve 
up  preconceived  notions,  when  they  are  inconsistent  with  observation,  and 
a  determination  to  consider  nothing  as  proved  until  every  mode  of  investi- 
gation has  been  employed  with  the  same  result.  In  the  brief  outline  which 
will  now  be  given  of  the  characters  of  the  principal  Elementary  Struc- 
tures occurring  in  the  fabric  of  Plants  and  Animals,  care  will  he  taken  to 
distinguish  what  is  actually  seen,  from  the  theoretical  ideas  of  the  confor- 
mation of  the  parts  to  which  such  observations  lead.  And  it  will  be  an 
especial  object  of  enquiry,  how  far  such  an  analogy  may  be  traced  between 
these  characters,  as  to  lead  to  the  belief  that  any  of  the  tissues,  whether 
peculiar  to  either  of  the  two  kingdoms,  or  occurring  under  different  forms 
in  both  of  them,  are  constructed  upon  the  same  plan. 

III. — Elementary  Structure  of  Vegetables. 
23.  All  the  elementary  or  primary  tissues  of  Plants  may  he  considered 
as  originally  formed  of  inemhrane  avA  fibre,  either  separately  or  conjoined; 
it  may,  however,  be  doubted  whether  even  these  are  to  be  regarded  as  dis- 
tinct elements,  orwhcther  they  may  not  be  forraedby  the  adhesion  of  single 
particles,  sometimes  in  expanded  surfaces,  sometimes  in  lines  only. 
Although  they  frequently  occur  in  combination,  membrane  is  often  found 
without  any  trace  of  fibres ;  and  sometimes  fibres  may  be  seen  without  any 
membranous  envelope.  Instances  of  their  union  may  be  seen  in  spiral  cells 
(Fig.  5),  or  in  spiral  vessels  (Fig.  12) ;  and  of  their  separate  existence,  in  the 
simple  membranous  cell  (Fig.  1),  or  in  the  curious  spiral  fibre  surrounding 
the  seed  of  the  Collomia.*     Vegetable  Membrane  is  of  variable  thickness 

*  This  beautiful  micrnacopic  olijoct  is  to  all  appearance  like  otlier  aecda  ;  but  an  tbe 
outaide  ofitacoato  there  ia  a  congeries  of  elasticspiral  fihrea,  whiob,  in  thooniinarj' state, 
are  agglutinfiled  bj  mucilage,  and  pressed  together  so  as  not  to  be  perceptible.  Imuie- 
diatelj  as  the  seed  is  wetted,  however,  the  mucilage  is  diaaolved,  and  Ibeir  elasticity 
causes  them  to  spring  out  with  great  rapidity.  Some  other  seeda,  es  those  of  the  Saivia 
VeTbaiata  (Wild  Clary),  have  a  similar  property.  Recent  observations,  however,  hare 
caused  doubtato  be  entertained,  whether  each  apiml  fibre  uf  tlieie  seeds  is  not  origjnallf 
BDclosed  within  a  cell,  the  walla  of  which  are  so  eicesavelj;  thin  as  to  be  easily  ruptured, 
so  as  to  allow  the  ela^ieitj  of  the  fibre  to  come  into  play. 
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d  transparency ;  and,  though  very  permeable  to  fluids,  it  is  almost 
pvays  destitute  of  visible  pores.  Many  botanistn  have  described  tbe 
xistence  of  apertures  in  the  membrane  of  whlcb  some  forms  of  cellidar 
i  composed  i  but  sometimes  these  appearances  seem  to  be  pro- 
i  by  groins  of  semitransparent  matter  adhering  to  the  membrane,  and 
uy  be  removed  by  immersing  it  in  nitric  acid,  wliich  renders  them  opaque, 
which,  immersion  in  a  solution  of  potash  will  restore  them  to  their 
3US  degree  of  transparency  ;  and  in  other  instances  they  arc  probably 
e  to  a  diminution  in  the  thickness  of  the  membrane  in  those  spots,  from 
s  which  will  be  presently  explained.  There  are  a  few  plants,  however, 
k  which  really-] lorous  cells  have  been  observed.  Tliis  is  the  case,  for 
Mtance,  in  the  Sphagnum  (Bog-Moss)  :  which  has  an  external  layer  of  such 
cells.  These  are  destitute  of  colouring  matter,  and  freely  communicate 
with  the  external  air.  They  not  imfrei|uenUy  afford  a  lodgement  to  Wheel- 
animalcules  ;  and  their  pores  are  large  enough  to  allow  these  to  pass  with- 
out difficulty.*  Elementary  Fibre  may  be  compared  to  hair  of  extreme 
tenuity,  its  diameter  oi^eu  not  exceeding  r^  of  an  inch.  It  is  generally 
transparent  and  colourless  ;  it  is  usually  disclosed  in  a  spiral  direction  (Fig. 
14),  and  its  adjacent  threads  seem  to  have  a  peculiar  tendency  to  unite 
uid  grow  together  (Fig.  1  fl).  Some  observers  maintain  that  it  is  hollow, 
others  that  it  is  solid  ;  aqiiestion  Involving  the  conditions  of  a  body  of  such 
extreme  minuteness,  however,  is  not  easily  determined. 

24.  The  forms  under  which  these  elements  and  their  combinations 
most  frequently  present  themselves,  may  be  thus  classified.  1.  Cellular 
Tiggue.  2.  B'oodff  or  Fibrous  Tui/nie.  3.  Fiacular  Titmie.  4.  Latidfe- 
fotu  Tia&ue.  It  will  be  shown,  however,  that  they  may  all  be  regarded  as 
modifications  of  the  same  elementary  forms  ;  since  they  are  all  developed 
in  the  young  plant  from  a  common  origin  ;  and  in  the  adult  structure  many 
intermediate  links  are  ibund,  which  connect  them  by  almost  imperceptible 
transitions.  Stilt  it  is  important  for  jiractical  purposes  to  distinguish  these 
diferent  forms  of  tissue ;  since,  when  once  fully  fonned,  they  do  not 
^ipear  susceptible  of  mutual  transformation,  and  their  liuictions  in  the 
economy  of  the  plant  are  entirely  different. 

25.  That  which  may  be  regarded  as  the  most  characteristic  example  of 
cellular  tissue,  exists  hi  most  pulpy  fruits,  as  well  as  in  the  pith  and  other 
soft  parts  of  the  structure.  It  is  simply  a  vesicle  or  minute  sac  of  a 
^bnlar  or  spheroidal  figure,  containing  fluid  to  which  its  colour,  if  it 
presents  any,  is  due, — the  membrane  of  which  it  is  formed  being  trans- 
parent and  colourless  ;  thus,  in  the  pith  tliis  tissue  is  whit<',  in  the  leaves 
green,  and  iu  the  petals  of  flowers  it  may  be  variously  coloured.  From 
ita  being  composed  of  membrane  alone,  it  is  called  membranouis  rellafar 
tiKne  (Fig.  1).     Tlie  rounded  form  is  only  exhibited  when  the  vesicles 
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are  but  loosely  aggregated  together,  and  it  is  then  that  the  distinctness  q 
their  sides  is  most  eiident.  Wlien  the  tissue  is  more  sohd,  the  sides  of  tl 
vesicles  are  pressed  against  each  other,  so  as  to  become  flattened,  and  to 
be  in  close  apposition  ;  and  sometimes  they  adhere  in  such  a  manner,  that 
the  partition  between  two  adjacent  cells  seems  to  be  but  a  single  instead  of 
a  double  membrane.  If  the  pressiue  to  which  the  vesicle  is  subject  be 
equal  in  aU  directions,  the  form  it  will  assume  is  that  which  is  mathema^ 
tically  termed  a  rhomboldal  dodecahedron  ;  that  is  to  say,  a  twelve-aided 
solid  with  all  its  faces  eq;ial,  and  showing  an  hexagonal  section  when  cut 
across.  Each  cell  will  thus  be  in  contact  with  twelve  others,  which 
completely  surround  it  without  leaving  interstices.  It  is  not  very  often, 
however,  that  this  form  is  displayed  with  such  extreme  regularity  ; 
there  is  usually,  in  the  growing  plant,  a  disposition  to  elongati 
direction  of  increase,  and  to  compression  in  the  transverse  oni 
the  cells  are  found  to  have  ratlier  a  prolonged  form.  Such  are  espedi 
found  ui  the  lower  tribes  of  plants,  which  have  no  other  kind  of  tissue,  and 
are  destitute  of  vessels,  the  function  of  which  is  partly  performed  by 
them.  Not  unfrequently,  cellular  tissue  is  found  to  possess  a  cubical 
or  prismatic  shape,  especially  in  pith  (Fig.  2)  ;  and  occasionally  the  vesi- 
cles are  arranged  in  regular  horizontal  rows  like  the  bricks  in  a  house  ;  this 
last,  which  is  called  muri/orm  cellular  tissue  (Fig.  3),  enters  into  the 
structure  of  the  medullary  rays  (§  77}  ;  and  the  horizontal  elongation  of 
the  cells  which  is  peculiar  to  it,  appears  to  contribute  to  an  important 
function  of  the  vegetable  economy.  Fluids  wliich  penetrate  tliis  tissue, 
always  pass  most  readily  in  the  direction  of  the  greatest  length  of  the  cells; 
and  whilst,  m  the  growing  plant,  the  elongation  of  the  cells,  in  those  parts 
of  the  stem  through  which  the  upward  cnrrent  of  sap  passes,  is  always 
vertical, — the  downward  current,  which  has  to  he  conveyed  from  the  b 
to  the  interior  of  the  stem,  traverses  these  horizontal  c<?lls,  which  are  » 
times  so  much  lengthened  as  to  resemble  tubes  (Fig.  -1). 

26.  But  the  vesicles  of  cellular  tissue  do  not  always  consist  of  aimpfe 
membrane.  Where  considerable  strength  is  required,  their  walls  are  often 
thickened  by  a  deposit  of  hard  matter  secreted  from  the  juices  of  the  plant, 
at  a  time  long  subsequent  to  the  first  formation  of  the  ceC.  Sometimes 
this  deposit  is  arranged  in  concentric  layers,  so  as  to  exhibit  a  series  of 
rings  when  the  cell  is  cut  across  (Fig.  220).  Very  cotnmonly,  however, 
there  is  not  this  kind  of  regularity ;  but  the  deposits  project  more  mto  the 
cavity.  In  these  cases,  passages  are  often  left,  by  which  the  cavity  of  the 
celt  is  extended  at  some  points  almost  to  its  membranous  wall ;  and  thus 
the  different  cells  retain  some  power  ot  communication  with  each  other. 
Sometimes  there  is  great  regularity  in  this  respect ,  the  points  at  which  the 
deposit  is  absent  from  the  walls  of  two  contiguous  cells  being  coincident,  so 
that  the  membranous  partition  is  the  only  obstacle  to  the  communication  bi 
tween  their  cavities.  Such  deposits  are  not  found  to  any  great  e\tent  k 
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bich  are  actively  rant ributing  to  the  geoeral  vital  processes;    whilst  in 

c  which  are  iiiert,  the  canty  is  frequently  obliterated.     This  is  partly 

\&e  case,  for  example,  in  the  gritty  tissue  of  the  pear,  aud  in  the  stone  of 

'    the  plum  and  similar  fruits ;  but  more  completely  in  some  other  instances 

L  ^ig.  221,  a,  h,  c).     The  surface  of  such  cells,  if  separated  from  each 

■,  presents  a  dotted  appearance, — the  dots  being  the  points  at  which 

e  deposit  is  absent ;  and  the  knowledge  of  this  fact  enables  us  to  explain 

e  stnictnre  of  the  dotlerl  ilucft  hereafter  to  be  described.     Although  this 

t  seems  generally  unorganised,  it  not  vuifrei|uently  takes  the  form  of 

&  spiral  fibre,  rolled  up  within  the  cell ;  and  hence  originate  two  other 

inds  of  cells,  which  will  be  here  noticed,  less  on  accoimt  of  any  peculiar 

ir  importance  attaching  to  themselves,  than  because  they  assist  in 

iplaiuing  the  character  of  other  forms  of  tissue. 

!?.  One  of  these  is  the  tpiral  cell  (Fig.  5),  which  consists  of  a  mem- 

mous  vesicle  baling  a  fibre  coiled  spirally  around  its  interior ;  this  form 

of  tissue  is  occasionally  met  with  in  the  coverings  of  winged  seeds,  and 

constitutes  the  entire  plant  of  the  Moss  Sphagnum.     Sometimes  the  fibre 

idheres  so  closely  to  the  membrane  that  it  cannot  be  separated,  and  the 

cell  seems  as  if  it  were  formed  of  a  spirally -coiled  fibre  alone ;  but  this 

m^  probably  be  due  to  the  intimate  union  of  the  two  elements.     Another 

kind  of  vesicle  occasionally  met  with,  is  that  termed  the  doited  cell,  of 

which  spemmens  are  shown  in  Fig.  6,  chiefly  derived  from  Orcbideous 

plants.     This  is  a  very  interesting  kind  of  structure,  from  the  explanation 

it  affords  of  others.     The  cell  marked  a  is  one   which  would   formerly 

have  been  supposed  to  possess  pores  or  apertures  iu  its  membranous  sides ; 

but  the  true  nature  of  these  seems  to  have  been  satisfactorily  determined, 

by  the  comparison  of  other  forms  intermediate  between  it  and  the  spiral 

ceil  just  noticed.     Thus,  a  cell  presenting  similar  dots  is  seen  at  b,  where 

fliey  are  shown  to  be  spaces  intervening  between  the  coils  of  the  spiral 

fibre,  which  is  adherent  to  the  membrane  so  closely  as  to  form  a  sort  of 

inner  coat  deficient  at  these  spots,  where  the  membrane  alone  forms  the 

wsO  of  the  cell.     This  is  evidently,  therefore,   a  transition -form  between 

die  spiral  cell  (Fig.  b),  and  the  dolled  tell  (Fig  6,  n),  which  would  at  first 

Mgbt  have  appeared  quite  different  in  character. 

28.  The  size  of  the  celloles  of  this  tissue  is  very  variable ;  they  are 
osnally  from  aio  to  sJn  of  an  inch  in  diameter,  but  may  be  found  of  all  sizes 
from  JD  to  ^  of  an  inch.  Although  other  kinds  of  structure  are  mixed  up 
with  it  iu  Flowering-plants,  it  may  be  regarded  as  constituting,  either  in 
itself  or  in  its  most  simple  modifications,  the  great  bulk  of  tbc  organs  in 
which  active  vital  processes  are  being  performed  ;  and  in  the  greater  part 
of  the  Ciyptogamia,  no  other  is  found.  It  is  eapahle  of  growth  in  all  di- 
rections; aud  it  consequently  fills  up  the  interstices,  left  by  the  more  solid 
parts  of  the  framework,  with  a  softer  structure,  which  may  be  regarded  in 
.nalogous  to  the  flesh  of  animals.     This  is  usually  termed 


parenehyma ;  and  a  good  illustration  of  it  may  be  found  in  leavt 
the  beautiful  skeleton  formed  by  tlie  reticulation  of  the  veins,  (which  n 
be  separated  by  maceration  from  the  general  substance  of  the  organ),  gives 
support  to  the  intervening  tissues. 

2*1.  Although  fluid  generally  finds  its  way  with  tolerable  faciUty  through 
cellular  structure,  especially  in  the  direction  of  the  greatest  length  of  its 
cells,  a  more  direct  means  of  connection  between  distant  parts  is  required 
when  the  circulation  is  active  (§  32.5).  This  is  afforded  by  what  has  been 
termed  Vimjbrm  tissue,  which  consists  merely  of  cells  laid  end  to  end,  the 
partitions  between  them  being  more  or  less  obliterated,  so  that  a  couthm- 
ous  tube  is  formed.  The  origin  of  this  kind  of  tissue  has  been  much  dis- 
puted; and  many  writers  regard  it  as  a  modification  of  vascular  rather 
than  of  cellular  structure,  since  traces  of  a  spiral  fibre  may  often  be  seen 
upon  its  sides.  It  is,  however,  so  common  to  see  the  remains  of  the  par- 
titions which  originaOy  closed  the  ends  of  the  individual  cells,  disposed  at 
intervals  along  the  ducta  (Fig.  7),  that  it  is  impossible  to  avoid  admitting 
that  they  are  generally,  at  least,  produced  in  this  manner.  These  cells 
are  usually  of  the  kind  described  in  ^  2G,  and  thus  the  whole  duct  acquires 
a  dotted  character  (Fig.  8) ;  but  ducts  are  occasionally  met  with,  which 
have  been  evidently  formed  by  the  longitudinal  union  of  simple,  and  even 
of  spiral  cells  (Fig.  9).  The  vasiform  is  the  largest  of  all  kinds  of 
tissue,  and  may  frequently  be  detected  vrith  the  naked  eye,  when  its  open 
mouths  are  exposed  by  a  transverse  section,  as  in  the  vine  or  cane ;  it  is 
generally  pervious  for  a  considerable  length,  especially  in  cases  where  the 
rapidity  of  vegetation  and  the  length  of  the  stem  render  a  rapid  trans- 
mission of  the  fluid  necessary.  There  is  a  very  evident  analogy  between 
the  mode  of  development  of  these  canals,  and  that  of  vessels  in  the  animal 
structure,  which  appear  to  be  first  formed  hy  a  similar  junction  of  minute 
cavities  in  particular  lines. 

30.  Ligneous  tissue  or  Woody  Fibre  consists  of  very  slender  transparent 
membranous  tubes,  usually  tapering  at  their  extremities,  collected  into 
bundles,  and  generally  having  no  direct  communication  nith  each  other 
except  by  invisible  pores  (Fig.  10).  Mr,  Slack  and  Dutroehet,*  however, 
state  that  they  have  seen  evident  communications  between  the  extremities 
of  the  tubes ;  these  are  scarcely,  perhaps,  to  be  considered  as  of  regular 
occurrence,  hut  rather  as  the  occasional  results  of  the  rupture  or  oblitent- 
tion  of  the  membrane  by  pressure.  Although  we  find  so  many  intermediate 
forms  between  woody  fibre  and  cellular  tissue,  that  there  is  no  difficulty 
in  tracing  the  gradual  elaboration  of  the  fonner  from  the  latter,  yet  the 
characteristic  forms  of  the  two  structures  differ  considerably.  Woody 
fibres,  like  the  vesicles  of  cellular  tissue,  are  closed  sacs :  but  whilst  the 
latter  have  more  or  less  of  a  rounded  shape,  the  tbrmer  are  elongated  and 
attenuated  so  as  to  present  altogether  a  difrerent  appearance ;  at  the  same 
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me,  they  scqiiire  it  grcAtly-increasuil  density  and  firmness,  although  the 
mbraiie  which  forms  their  walls  is  renlly  much  thinner.     It  will  be 
tdily  jierceived  that,  independently  of  the  differciicc  iu  the  tenacity  of 
!  membrane,    a  structure    t'ompostd  of  woody  fibre  will  bear  ft  much 
msioQ  than  one  formed  of  cellular  tissue,  from  the  advautage 
ined  by  the  situation  of  the  tubes  with  regard  to  each  other ;  thus, 
reads  of  hemp  and  flax,  each  of  which  is  a  small  bundle  of  woody  fibres, 
e  far  stronger  than  those  of  cotton  of  similar  diameter,  which  arc  com- 
Bed  of  cells  laid  end  to  end.     A  peculiar  form  of  woody  fibre  is  found  in 
;  stems  of  the  Comferie  (Fir  tribe) ;  no  dotted  ducts  esist  in  them,  and 
e  diameter  of  the  woody  fibres  is  much  greater  than  usual;  alouj;  each  of 
s  perceiTable  with  the  microscope,  a  row  of  lai^  dots,  which  appear 
B  be  formed  by  the  adhesion  of  some  little  bodies  to  the  interior  of  the 
This  curious  structure,  shown  at  Fig.  1 1,  has  enabled  botanists  to 
nine  that  many  remains  of  fossil  woods,  especially  those  of  the  coal 
formation,  belonged  to  this  order ;  and  as  the  mode  in  which  these  dots  are 
arranged  exhibits  variations,  each  of  which  is  pecuhar  to  some  division  of 
the  order,  the  fossil  specimens  may  be  closely  compared,  by  their  stems 
■lone,  with  those  of  the  present  epoch.    Woody  fibre  is  apparently  destinnl 
for  conreyhsg  fluid  in  the  direction  of  its  length,  and  for  giving  firmness 
and  elasticity  to  the  parts  of  the  fabric  which  require  support.     Wlierever 
vascular  structure  exists,  it  is  protected  by  bundles  of  this  tissue ;  and 
hence  many  parts  iu  which  they  are  united,  such  as  the  veins  and  footstalks 
of  leaves,  are  spoken  of  as  being  composed  of  Ji/iro-vasrular  tissue.     In  all 
plants  with  permanently  elevated  stems,  this  rissiie  is  very  abundant ;  but 
it  is  not  discoverable  in  any  below  the  Ferns,  and  it  exists  in  but  small 
imoimt  in  herbaceous  plants.    It  may  therefore  be  regarded  as  constituting 
the  essential  organ  of  support  m  all  the  orders  of  tlie  Vegetable  kingdom  ; 
uid  when  no  longer  required  for  the  conveyance  of  fluid,  additional  firmness 
ind  toughness  are  given  to  it  hy  the  deposition  of  various  secretions  within 
its  tubes,  constituting  the  difference  between  the  duramen  or  heart-wood, 
and  the  alburnum  or  sap-wood  (§  77).     After  this  deposition  has  taken 
place,  woody  fibre  seems  to  be  removed  from  the  active  functions  of  vege- 
tation, and  to  undei^  but  little  change  for  an  almost  indefinite  period. 
In  this  respect  it  corresponds  with  many  .\nimttl  tissues,  which,  although 
formed  by  a  process  of  organisation,  are  afterwards  so  completely  thrown 
out  of  the  general  course  of  rital  action,  that  they  undergo  very  little  suh- 
Kqnent  change.     Perhaps  Clartilage  is  of  all  the  Animal  tissues  that  which 
bears  the  greatest  analogy  to  woody  fibre ;  owing,  like  it,  the  density  which 
it  possesses,  to  the  deposition  of  a  secreted  product  in  the  minute  cavities 
of  a  modified  form  of  cellular  tissue. 

31.  The  third  kind  of  elementary  structure  in  Plants,  is  that  which  is 
denominated  Vascvlar  Huxiie.  Its  essential  character  is  the  jiosscssion  of 
«  spiral  fibre  coiling  vrithin  its  meiubranous  tubes  from  end  to  ejid ;  luil 
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this  fibre  is  not  always  to  be  traced  with  the  same  ilistinctness ;  and 
tioies  the  appearance  presented  is  rather  that  of  transverse  bars,  or 
markings.  The  most  perfect  kind  of  Tascular  stmcture  is  shown  in  the 
apiral  retsfl,  which  consists  of  a  tuoe  with  a  conical  termination  at  each 
extremity,  traversed  bv  a  filament  regnlarly  coiled  from  one  point  to  the 
other  (Fig.  12).  This  filament  is  usually  single,  but  is  sometimes  doable, 
or  even  triple ;  and  in  the  very  lai^  spiral  vessels  of  the  Nepentket 
(Chinese  pitcher^lant)  it  is  c|nadmple  (Fig.  13).  The  tnbes  in  their  per- 
fect state  contain  air  only ;  they  are  found  in  the  delicate  membrane  sur- 
rounding the  pith  of  Esogens,  nnd  in  the  midst  of  the  woody  bundles 
occurring  in  the  stem  of  Endc^ens ;  trom  thence  they  proceed  to  the  leaf- 
stalks, through  which  they  are  distributed  to  the  leares.  By  careful 
dissection  under  the  microscope,  they  may  he  separated  entire ;  but  their 
structure  may  he  more  easily  displayed  hy  cutting  rmaid,  hut  not  through 
the  leaf-stnlk  of  the  strawberry,  geranium,  &c.,  and  then  drawing  the  parts 
(wnnder.  The  membrane  composing  the  tubes  of  the  vessels  will  thus  be 
broken  across ;  but  the  fibres  within,  being  elastic,  will  be  drawn  out  and 
imrolled,  as  seen  in  Fig.  14.  A  very  curious  analogy  to  this  structure  is 
cxliibited  in  the  trachea,  or  au--tuhes  of  Insects,  which  ramify  by  minnte 
subdivisions  through  the  whole  of  their  bodies.  These  tubes  are  formed, 
Uke  the  spiral  vessels  of  plants,  of  an  estenial  membrane  distended  by 
spiral  fibre,  which  is  coiled  with  the  most  beautiiiil  reguhiritv  (Fig.  19) ; 
the  principal  difference  in  these  two  structures  being,  that  the  air'tubes  of 
Plants  are  closed  vessels,  and  that  their  gaseous  contents  find  their  way 
through  the  delicate  membrane  which  composes  them,  by  the  capabi 
of  permeation,  which  will  he  subsequently  described ;  while  the  ti 
system  of  Insects  exhibits  the  most  beautiful  and  minute  ramificatii 
formed  by  the  subdivision  of  its  principal  trunks,  which  communicate 
directly  with  the  atmosphere. 

.32.  There  are  some  peculiar  modifications  of  the  regular  type  of  the 
Vascuhir  structure  of  plants,  which  deserve  notice,  not  only  on  account  of 
tJieir  intrinsic  importance,  but  also  as  exhibiting  analogies  still  more  remark- 
able in  the  structure  of  the  respiratory  organs  of  the  Animal  and  Vegetable 
kingdoms.  The  tubular  vessels  occurring  in  many  parts  of  the  stem,  roots, 
and  Icaf'SCttlks  of  i'lowcring  plants  and  Ferns,  and  exhibiting  traces,  more 
or  leas  distinct,  of  a  sphal  structure,  are  called  Ihicta.  Of  these,  some 
apjiroach  so  nearly  to  the  character  of  a  spiral  vessel,  that  they  could 
scarcely  be  distinguished  from  it ;  the  diffcreuce  between  them  being  con- 
fined to  the  absence  of  elasticity  in  the  spiral  fibre,  which  ]>revcut«  it  from 
being  unrolled,  as  in  the  former  case,  without  snapping.  Another  form  is 
that  in  wliich  the  spiral  fibre  is  not  contmuous,  but  is  broken  into  rings ; 
whence  the  vessel  is  called  an  annular  duct.  The  rings  in  some  vessels  are 
very  close,  in  others  at  considerable  intervals ;  but,  if  the  vessel  be  traced 
to  any  cxlcrit,  some  iudications  of  a  spiral  fibre  may  generally,  if  not 
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always,  be  fouDd  (Fig.  15).  It  appears  probable,  since  vessels  are  found 
ill  all  states  of  transition  from  pertectly  spiral  tu  annular,  that  the  original 
tendency  was  to  developc  a  spiral  fibre;  but  tbat  the  vessel  during  ita 
formation  was  elongated  more  rapidly,  than  the  fibre,  from  its  want  of  elas- 
ticity, could  keep  pace  witb ;  and  that  the  latter  was  consequently  broken 
into  rings.  A  structure,  exactly  corresponding,  is  met  witb  in  tbe  traekea 
!.{imidpipe)  of  oir-breatbing  Vertebratn.  Iliis  is  composed  of  cartilaginous 
lally  separate  from  one  another,  hut  united  by  a  membrane  ;  thus 
(csembltng  an  annular  duct.  In  some  Birds,  lioweier,  traces  of  a  spiral 
ttrangement  of  the  cartJage  are  met  with;  and  tliis  appears  to  be  the 
ttgular  structure  of  the  trachea  in  the  Dugony  (one  of  the  Wtiale  tribe), 
(Acre  we  see  a  continuous  strip  of  cartilage  disposed  in  a  spiral  form,  and 
Occupying  tbe  place  of  several  rings,  but  occasionally  terminating  in  tbe 
manner  (Fig.  20).  A  very  similar  stnicture  is  seen  in  tbe  trachea  of 
abdomen  of  the  female  Termes  (White  Ant),  when  distended  witb  e^;s 
many  times  its  original  size  ;  the  fibre  does  not  seem  able  to  keep  pace 
tbe  rapid  growth  of  the  tube,  and  breaks  irregularly  into  rings,  which 
here  and  there  connected  by  a  spire. 

Another  modification  of  vascular  structiu^'  is  shown  in  Fig.  lli. 
It  is  produced  by  the  partial  adhesion  of  tbe  coib  of  a  close  spire  to  one 
anotlier,  and  to  their  enveloping  membrane  ;  so  that  the  fibre  itself  is  no 
longer  distinguished,  but  irregular  dots  or  spaces  are  left  in  its  interstices. 
This  is  also  peculiarly  interesting  from  the  analc^e  it  meets  with  in  the 
Animal  kingdom.  The  trachee  of  Insects  occasionally  exhibit  dilatations  in 
Iheir  course  into  air-sacs  (Fig.  21) ;  the  walls  of  which,  m  some  instances, 
appear  simply  membranous ;  but  in  other  cases  exhibit  a  distinct  continua- 
tion of  the  spiral  stnictitre  of  tbe  tubes.  Most  frequently,  however,  the 
membrane  baa  the  aspect  represented  in  Fig.  22,  which  seems  due  to  the 
same  partial  adhesion  of  the  fibres  as  that  which  lias  been  traced  in 
the  Vegetable  structure. 

34.  Two  other  forms  of  vascidar  tissue,  the  reticulated  and  dotted 
doctB,  are  represented  in  Figs.  17  and  \S.  They  appear  to  take  their 
origin  in  a  spiral  structure,  modified  by  the  irregular  fracture  of  tbe  fibre, 
and  by  the  subsequent  adhesion  of  its  fragments.  Thus,  in  tbe  reticulated 
doct  (Fig.  1 7),  the  spire  may  be  occasionally  traced ;  although  tbe  general 
disposition  of  the  fibre  is  in  an  irregular  network,  with  large  interspaces. 
These  spaces  are  often  observed  to  be  more  contracted  and  definite ;  and 
dius  a  transitiou  is  indicated  to  tbe  character  of  tbe  dotted  duct  (Fig.  16), 
of  which  tbe  dots  appear  to  be  the  intervals  not  covered  by  the  expansion 
and  by  adhesion  of  the  fragments  of  the  fibre,  or  by  the  secondary  inoigauic 
deposit,  jnst  as  in  the  separate  cell  (§  2(i,  ").  It  seems,  therefore,  that 
the  dotted  duct  may  be  formed,  either  by  the  junction  of  distinct  cells  (of 
which  some  evidence  remains  in  tbe  imperfect  partitions) ;  or  upon  the 
type  of  a  spiral  vessel,  when  the  tube  will  !»  more  continuous.     The  mode 


ON    ORGANISED    S 

in  which  the  dotted  structure  is  acquired.  Is  evidently  the  same  in  both 
cases.*  The  Animal  kingdom  presents  an  instance  of  similar  degeneration 
from  the  original  type,  in  the  bronchial  ramifications  of  the  trachea,  in  which 
the  irregular  patches  of  cartilage  (Fig.  23)  exhibit  an  appearance  exactly 
Mnformable  with  that  which  has  just  been  described. 

35.  The  form  of  tissue  to  which  the  term  Latiinferovs  has  been  pTen, 
is  so  named  from  the  function  to  which  it  is  subservient.  It  consists  of  a 
series  of  branched  tubes,  anastomosing  with  each  other,  so  as  to  form  a  net- 
work, in  which  the  latex  or  elaborated  sap  flows.  It  is  in  this  branching 
character  that  it  chiefly  differs  from  other  forms  of  tissue,  which  never 
exhibit  anything  approacliing  to  it.  The  structure  of  the  walls  of  the 
vessels  themselves,  however,  is  not  different  from  what  we  find  elsewhere ; 
they  arc  very  thin  and  transparent  in  the  young  plant,  so  as  to  be  scarcely 
visible  ;  but  their  sides  gradually  become  thickened  by  the  deposit  of  new 
matter.  These  sides  are  not  parallel  as  in  other  vessels,  but  are  often  con- 
tracted and  expanded  at  uitervals ;  their  average  diameter  may  be  stated  at 
about  ifei  of  an  inch  (Fig.  222).  This  tissue  is  present  in  most  Howering- 
plants ;  but  as  its  tubes  he  in  no  regidar  direction  in  regard  to  the  other 
vessels  and  fibres,  they  have  been  very  commonly  overlooked.  They  may 
be  easily  found,  however,  in  the  inner  bark  of  the  Fig,  in  the  roots  of  the 
Dandelion,  Lettuce,  and  other  plants  with  milky  juices,  or  in  any  of  the 
parts  of  the  Celanduie.  Maceration  for  five  or  six  days  in  water  is  the  best 
means  of  detaching  them  from  the  surrounding  tissue.  The  resemblance 
of  this  system  of  vessels  to  the  capillary  vessels  of  Animals,  will  be  seen  to 
be  very  striking,  when  the  latter  are  described  (§  337) ;  hut  as  to  its  ele- 
mentary character,  it  may  be  regarded  as  not  differing  from  Vegetable 
cellular  tissue,  in  any  other  important  particular,  than  the  branching  cha- 
racter of  its  tubes ;  and  this  results  from  an  arrangement  of  the  primarj 
cells  in  which  these  tubes  originate,  but  httle  different  from  that  to  which 
the  formation  of  ducts  is  due,  as  is  seen  in  Fig.  223. 

36.  The  description  which  has  been  now  given  of  the  Vegetable  Tissues, 
will  suffice  to  show  the  mode  in  which  they  are  mutually  connected,  as  well 
as  the  forma  which  are  characteristic  of  each  kind.  Many  varieties  have 
been  passed  by,  as  not  of  particular  interest  in  regard  to  the  present  object ; 
although  in  a  full  description  of  the  Anatomy  of  Plants,  they  would  receive 
more  especial  notice.     It  is  scarcely  possible  to  observe  the  different  forms 

"  Thia  view  of  the  Blructure  of  dotted  duett,  which  is  the  one  taken  hy  Mr.  Slack, 
manifostly  tends  to  reconcile  the  conflicting  accoujitfl  which  have  Ijeen  given  of  their 
origin ;  mnny  Phjlologists  referring  them  to  the  VBBculai  system,  whilst  others,  with 
much  reason,  maintain  that  they  have  originDitGd  from  veeicles  of  cellular  tiuue.  The 
spiral  vessel  ie  manifestly  only  an  elongated  spiral  cell,  from  the  type  of  which  the  dotted 
cdla  and  dotted  duds  may  iitiae  on  one  side,  or  the  spiral  lesaei  and  reticulated  ducU 
on  the  other-,  and  every  grade  of  traneition  may  be  detected  in  thv  same  plant  betwM 
these  diHertiit  forma. 
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which  result  from  tlie  varied  conibinntiotis  of  the  simple  elements  of  kkwi- 
trra/ie  aad^brf, — each  of  them  prolwlily  having  its  peculiar  fimetion  in  the 
Vegetable  economy, — without  lieing  struck  with  the  simplicitv  of  the  plaii 
by  which  Creative  Deaigti  lins  effected  so  many  manels,  as  well  as  with  the 
extreme  beauty  and  regularity  of  tlie  stnictures  which  arc  thus  produced. 
The  comparison  of  such  specimens  of  Nature's  workmanship  as  the  meanest 
Plant  affords,  with  the  most  elaborate  results  of  human  skill  and  ingennitv, 
serve  only  to  put  to  shame  the  boasted  superiority  of  man ;  for,  whibi 
every  additional  ampUfjcation  of  tlie  tatter,  by  the  increased  powers  of  our 
microscopes,  serves  but  to  esoggerate  their  defects,  and  display  new  imper- 
fections, the  application  of  such  to  organised  tissues,  lias  only  the  effect  of 
disclosing  new  beauties,  and  bringing  to  light  the  concealed  intricacies  of 
their  structure.  If  such  be  the  result  of  the  study  of  the  minute  aiiahtmy 
of  Vegetables,  that  of  Animals  should  still  more  impress  our  minds  wjtJi 
astonishment  and  de%ht,  frnm  the  increased  variety  of  the  forms  which 
the  same  simple  elements  are  capable  of  presenting,  and  the  extraordinary 
complication  of  these  (frequently  so  great  as  to  baffle  the  must  skilful 
enquirer),  which  becomes  necessary  for  the  production  of  the  phenomena 
of  Animal  life,  themselves  so  varied  and  so  complex. 

[For  additional  infbraiation  on  (he  structure  nf  the  Primarj  Timuai  of  Plsnti,  tho 
rtDdant  ma;  adtaatageoust]'  refer  to  Dr.  LJndlcj'a  Introduction  In  Botany,  Dutroctict'g 
ndres  Anatomiqueg  et  PhyuologiqucH,  Meycn'i  Ph;iiologie  dor  Pflanzen,  and  c*pc- 
llenl  Memoir  on  the  subject  by  Mr.  Slack,  in  tlie  49th  Vol.  o(  tEie 
tiona  of  the  Society  of  Aria.) 

IV. — Elemmilary  Stnicturf  of  AntmaU. 

The  great  bulk  of  the  fabric  of  Animals  is  made  up  of  tissues  that 

ippear  composed  of  the  same  elements,  as  those  which  constitute  the  whole 

of  the  Vegetable  organism, — namely,  membra/te  «aA  fibre;  but  even  these 

ekmients.  as  will  presently  be  shown,  may  be  resolved  into  one ;  since  all 

!  tissnes  originate  in  the  first  instance  from  cells,  wliicli  hare  simple 

mhmiions  walls.     Two  kinds  of  tissue,  however,  are  found  in  Animals, 

fr  the  perfect  form  of  which,  nothing  analogous  presents  itself  in  PImits ; 

"^though  in  their  origin  they  seem  to  follow  the  same  law  with  all  other 

structures, — that  of  being  developed  from  cells.     These  are  the  Muscular 

imd  the  Nermtu  tissues.     It  is  very  interesting  to  remark,  however,  that 

^■l^iese  are,  for  the  most  part,  restricted  to  the  parts  of  tlie  fabric  which  are 

^hd>servient  to  the  fimctions  jmrely  animal,  namely,  sensation  and  volun- 

^|p^  motion ;  and  that,  wherever  they  are  introduced  into  the  ap|>Bratus  of 

^^^rganie  life  (chap,  iv.),  it  is  for  the  purpose  of  adapting  it  to  the  condi- 

'      tions  of  animal  existeuce.     Thus,  we  shall  find  (%  279}  that  one  of  the 

characteristics  of  Animals  is  the  possession  of  a  digestive  cavity,  in  wliich 

red  up  for  tlie  continued  supply  of  the  absorbent  system,  and 

a  which  it  imdergops  a  certain  degree  of  preparation  ;  this  addition  to  the 
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absorbent  apparatus  of  Planta  being  required  by  tbe  locomotive  propenai 
of  Animals,  and  also  by  the  nature  of  tLeir  food.  Now,  for  the  intro 
tion  of  aliment  into  this  cavity,  for  the  expulsion  of  the  excrenientitious 
matter  from  it,  and  (where  the  cavity  is  prolonged  into  a  tube,  as  in  the 
higher  animals,)  for  the  motion  of  its  contents  from  one  extremity  to  the 
other,  an  apparatus  of  nerves  and  muscles  becomes  necessary ;  but  still  this 
cannot  be  regarded  as  an  essential  part  of  tbe  absorbent  system,  which  is 
composed,  as  in  Plants,  of  the  simple  elements,  membrane  and  fibre.  A 
similar  explauation  might  be  given  of  the  introduetion  of  muscular  fibre 
into  tbe  circiilating  apparatus  of  animals ;  since  the  regularity  and  con- 
stancy of  the  movement  of  the  blood  which  is  required  in  them,  rendered 
necessary  the  addition  ofa  central  impelling  organ  (chap,  vi.),  wliich  could 
only  be  constnicted  of  a  tissue  possessing  the  peculiar  contractile  powers 
of  muscular  fibre.  It  is  not  a  httle  enrious,  moreover,  that  there  should  be 
a  perceptible  and  essential  difference  in  the  muscular  tissue  employed  in 
the  vital  organs,  and  in  the  locomotive  apparatus  (§  63—5). 

38.  The  tissue  which  can  be  most  evidently  resolved  into  distinct 
cells  or  vesicles,  is  that  in  which  fatty  matter  is  deposited,  and  which  has 
therefore  been  denominated  adipoae  tissue.  This  seems  to  be  exactly 
parallel  with  tbe  simple  membranous  tissue  of  Plants  (§  25)  ;  consistbg, 
like  it,  of  isolated  vesicles  formed  of  a  delicate  transparent  membrane. 
And  as,  in  certain  parts  of  the  Vegetable  organism,  we  find  the  cavities 
filled  with  oil  or  gummy  matter  stored  up  in  tliem  for  the  future  nutrition 
of  growing  parts,  so  does  it  appear  that  the  substance  which  composes  the 
fat  of  Animals  (a  mixture  of  oil  and  stearine),  is  separated  from  the  circu- 
lating fluid,  and  deposited  in  these  vesicles  for  a  partly  similar  purpose. 
That  the  vesicles  do  not  communicate  vrith  one  another,  is  proved  not  only 
by  microscopic  examination,  but  by  the  fact  that  their  contents,  which  aW 
fluid  m  the  living  body,  have  no  tendency  to  gravitate,  Tliey  are  clustered  to- 
gether in  masses,  each  of  which  is  enclosed  within  a  distinct  membrane,  on 
which  blood-vessels  ramify  ;  these  masses  are  again  clustered  together  into 
largerones  under  another  envelope;  so  that  any  mass  of  fat  may  be  sepa- 
rated into  a  number  of  distinct  nodides,  which  may  be  several  times  subdi- 
vided into  others  before  the  ultimate  vesicles  are  arrived  at.  The  diameter 
of  these  is  stated  by  Raspail  at  from  about  nfe  to  iJo  of  au  inch ;  they  are 
much  smaller  in  the  yoimg  animal  than  in  the  adult. 

39.  Tbe  fluid  oily  matter  contained  in  the  fat-vesicles,  however,  would 
find  its  way  through  their  walls,  if  it  were  not  prevented  by  a  very  simple 
and  beautiful  contrivance, — the  keeping  those  walls  wet  with  a  waten/ 
fluid, — which  is  effected  by  the  circulation  of  the  blood  through  the  vessels 
that  are  distributed  among  them.  The  repulsion  between  the  particles  of 
oil  and  water  effectually  prevents  tbe  transudation  of  the  former,  so  long 
as  the  membrane  is  saturated  with  the  latter  ;  but,  when  a  piece  of  fat  a 
dried,  its  surface  is  soon  found  to  be  bedewed  with  minute  drops  of  o 


have  escaped   from  the  cells,  when  these  hnve  beconie  pemieable 

the  evapoKtioQ  of  the   watery  fluid    whicli   prerioiialy   filled  their 

Thus,  thennaiuteuiuice  of  the  iiurmal  coniLtioii  of  tliis  tissue  dur- 

g  life  is  obviously  due  lo  the  operatioD  of  a  simple  jihysical  lav,  which 

y  be  imitated  in  other  ways  with  the  same  effect.*     Perhaps  of  all  the 

Inimal  tissues,  this  isi  the  one  which  most  resembles  those  of  Vegetables ; 

is  curious  that  it  does  so,  oot  only  in  stmctiire  but  in  chemical 

mposition.     The  gelatine  of  which  the  mcmbruiie  is  prineipally  com- 

,  may  be  regarded  as  the  least  ammnlised  of  the  proximate  principles 

.  enter  largely  into  the  organism,  coutainiiig  a  smaller  projiortioa  of 

ea  than  albumen,  and  uuch  less  tliaii  fibrin ;  whilst  both  of  the 

redients  which  eonstitute  the  fatty  matter  itself,  are  coniposed  of  oxygen, 

hydrogen,  and  carlxiu  alooe,  being  very  analo^us  in  the  pro])ortion  of 

those  elements  to  tlie  fixed  oils  produced  by  vegetables. 

40.  A  very  close  approximation  to  the  pareuchyma  of  Plants  (§  28),  is 
abo  seen  in  the  chonla  dortnlit, — the  gelatinous  column  which  replaces  the 
bodies  of  the  vertebrK  in  some  of  the  lowest  Fbhes  (§  114),  and  which 
occupies  for  a  time  the  same  position  in  the  embryos  of  all  higher  Verte- 
brata.  Its  cells,  hke  those  of  adipose  tissue,  are  fjuite  distinct  from  each 
Other ;  bat  their  walls  lie  in  closer  approximation,  so  that,  instead  of  n 
rounded,  they  have  a.  polyhedral  form.  Young  cells  may  oflen  he  seen 
mthin  them, — the  mode  of  whose  development  will  he  hereafter  discussed. 
(chap,  vin.)-  The  jiigmenf-tiMues,  na  they  have  been  termed,  which  give 
to  different  parts  of  the  Ijody — such  as  the  skin  and  the  choroid  coat  of 
the  eye — their  peculiar  shade,  consist  of  cells  enclosing  particles  of  colour- 
ing matter.  These  cells  are  round  or  oval  when  first  formed  (Fig.  224) ; 
but  thty  afterwards  show  a  tendency  to  send  out  branches  or  ramifications, 
which  interlace  with  each  other,  and  thus  render  the  form  of  the  tissue 
more  complex.  This  modification,  however,  throws  much  light  on  the 
transformation  of  other  tissues. 

41.  The  epidermic  tissue,  which  coders  the  whole  exterior  of  the  body, 
and  a  modification  of  which  (under  the  uome  of  epithelium)  hues  all  the 
mncons  canab  in  its  interior,  may  also  be  referred  to  the  same  tyjie.  Tlie 
epidermis,  or  tcarf-glan,  consists  of  a  number  of  layers  of  uiiimte  scales  or 
plates,  more  or  less  closely  adherent  to  one  another  (Fig.  22^,  a).  ITie 
outer  layers  of  these  become  so  dry  and  flattened  by  exposure  to  the  air, 
that  thrir  original  character  as  cells  or  vesicles  would  be  scarcely  under- 
stood, but  for  the  presence  of  a  nueletia  in  their  centre  (^■IS!)).  These, 
however,  are  constantly  being  rubbed  away,  and  are  replaced  by  new 
layers  from  i>eneath,  which,  when  first  formed,  have  a  distinctly  cellular  cha- 
Wcter, — their  form  being  much  less  flattened,  and  their  cavities  containing 
fluid,  so  that  the  portion  of  the  tissue  in  contact  with  the  true  skin  is 
nfi  and  moist.     With  these  deepest  layers  of  epidermic  cells,  arc  mixed 

•  See  Pflffet  in  Medical  Gazette,  vol.  isv.  p.  1)75. 


)   STRUCTURRB. 

the  pigment-cells  which  give  the  colour  to  the  skin  ;  so  that  the  rete  m 
gum,  as  it  was  formerly  termed,  is  not  to  be  regarded  as  a  distinct  elemCT 
of  the  skiu,  but  merely  as  a  part  of  the  cuticle.  Tlie  cells  of  epithelium, 
not  being  exposed  to  the  dry  air,  do  not  lose  their  vesicular  character  as  do 
those  of  the  epidermis,  but  always  present  distinct  appearances  of  it. 
When  these  cells  are  flattened,  and  arranged  in  regular  layers,  they  are 
spoken  of  by  Henle  (by  whom  this  subject  has  been  particularly  investi- 
gated*) as  forming  a  paomnmt  epithelium  (Fig.  225,  b).  This  epithe- 
hum  may  be  detached  in  regular  plates  from  the  mucous  membranos, 
especially  in  the  parts  where  they  nearly  approach  the  exterior  of  the 
body, — as  in  the  mouth,  the  nasal  ca^-itv,  the  nrethro-sexuol  canals,  and 
the  conjunctiva.  It  there  consists,  like  the  epidermis,  of  several  layers  of 
cells,  of  which  the  deepest  and  latest-formed  present  the  vesicular  charac- 
ter most  evidently.  The  outer  layer  of  this,  also,  is  being  constantly 
thrown  off;  and  epithelium  cells  may  often  be  found  hi  the  saliva,  urine, 
and  other  fluids,  by  which  the  mucous  membranes  have  hecn  washed.  The 
pavement  epithelium  is  found  in  a  single  layer  on  the  surface  of  semtis 
membranes,  and  linmg  the  bloodvessels  and  absorbent  tubes.  At  the 
lower  part  of  the  intestinal  tube,  however,  the  epithehum  is  formed  of 
cylindrical  cells  arranged  side  by  side  in  a  single  layer  (Fig.  225,  c)  ;  these 
cylinders  being  in  contact  at  one  extremity  with  the  subjacent  mucous 
membrane,  and  at  the  other  uniting  to  form  the  surface  of  the  epithe- 
lium. The  vilH  of  the  mucous  membrane  (§  30(>)  are  themselves 
covered  with  these  bodies,  which  are  there  somewhat  conical  in  form, 
so  as  to  suit  the  convex  surface  on  which  they  are  arranged ;  their 
small  ends  abutting  against  the  subjacent  membrane,  whilst  the  large  ends 
approximate  to  form  the  free  surface.  In  these  cylindrical  or  conical  cells, 
as  in  the  flattened  ones,  a  nucleus  is  ihstinctly  seen.  In  some  instances 
these  cells  are  fringed  at  their  free  extremities  with  vibratile  ci/io  (§  146)  j 
so  that  the  whole  surface  is  covered  with  these  organs  (Fig.  22.5,  d). 
Tills  is  the  case  in  the  respiratory  passages,  the  Fallopian  tubes,  and  some 
other  mucous  surfaces.  These  eihated  cells,  when  detached  from  t  ach 
other,  and  placed  in  fluid,  often  move  about  with  considerable  rapidity  for 
some  time,  by  the  continued  vibrations  of  the  cilia  with  which  they  are 
furnished. 

42.  The  epidermic  appendages,  as  they  are  commonly  termed, — namely, 
hoofs,  nails,  claws,  scales,  &c., — seem  to  partake  of  the  same  characfer. 
They  were  formerly  regarded,  like  the  epidermis  itself,  in  the  light  of  an 
inorganic  exudation  from  the  true  skin, — a  sort  of  hardened  glue — which 
could  undergo  no  subsequent  change.  It  has  now  been  ascertained,  how- 
ever, that  they  are  produced  in  the  first  instance  by  the  growth  of  cells, 
the  contents  of  which  gradually  evaporate,  so  that  the  walls  are  left  to 
appro.ximate  with  each  other  in  the  most  recently-formed  portion  of  tl 

*  Symbolic  nd  Anat.  yillanim  iiilest,,  Berulin 
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of,  the  separate  cells  of  which  it  is  composed  may  l>e  distinctly  recog- 
led ;  they  ore  somewhat  flattened  a^nal  each  other,  but  retahi  their  gene- 
ral rounded  form.  At  a  subsequent  period,  however,  there  seems  to  l)e  a 
deposit  of  homy  matter  on  the  interior  of  the  cell,  by  which  the  membra- 
nons  walls,  originally  thin  and  smooth,  are  thickened  aa  well  as  roughened. 
"Hie  cells  afterwards  change  their  form  in  a  considerable  degree,  and  their 
'inlls  approximate  to  each  other  so  closely,  that  their  several  botuidaries  can 
te  scarcely  distinguished.  The  nail*  of  the  ncw-hom  infant  have  been  found 
to  exhibit  a  similar  structure.  The  thin  horinontal  lamina  into  which  they 
may  be  split,  consist  of  cells  resembling  those  of  the  epithelium,  which  after- 
wards become  much  extended  and  flattened,  whilst  homy  matter  ia  at  the  same 
time  deposited  within  them,  just  as  ae/em/en  is  in  the  cells  and  woody  fibres 
of  I^ants  (§  26,  404).  When  this  is  effected,  no  fiirlher  change  appears  to 
take  place  in  the  tissne  ;  so  that  it  may  be  regarded  as  a  dead  and  almost 
inorgamc  substance.  The  epidermis  and  all  its  appendages  are  completely 
extra-raseular  ;  that  is,  they  are  not  traversed  by  nutritious  and  absorbent 
VEMcls.  They  have  little  tendency  to  spontaneous  decomposition  ;  and 
therefore  they  do  not  require  that  constant  interttilial  change,  which  is  so 
diaractcristic  of  the  tissues  that  are  actively  employed  in  the  performance 
of  the  T^tal  functions  (§  19).  In  this  respect,  then,  they  closely  resemble 
the  heart-wood  of  the  tree,  and  the  bomy  sheaths  or  solid  stony  ases  of  the 
Polypifera,whichareortpnally  formedbyac<msolidation  of  hvingtissue;  but 
which,  when  once  fully  developed,  undergo  little  or  no  subsequent  change. 

43.  The  cellidar  character  may  be  traced  with  perfect  distinctness  in 
flie  spongy  portion,  or  medulla,  of  the  stem  of  ihe  feather,  which  closely 
Kaembles  the  parenchyma  of  plants;  it  is  also  very  evident  in  the  soft 
iUerior  of  the  Porcupine's  quill.  In  the  outer  hard  envelope,  or  cor- 
tieal  portion,  however,  a  different  structure  may  he  seen,  that  presents  an 
iiutance  of  the  remarkable  metamorphosis,  which  tissues  at  first  truly  cellular 
nbsequently  undei^.  This  cortical  layer,  when  examined  in  the  imper- 
ftetly-formed  feather,  is  found  to  be  composed  of  large  flat  cells,  the  walls 
■rf  which  sometimes  present  an  indistinct  appearance  of  division  into 
longitudinal  fibres  (Fig.  226).  At  a  subsequent  period  of  development 
this  appearance  is  more  distinct ;  the  fibres  becoming  better  defined,  and 
extending  throtighout  the  cell.  And,  finally,  the  cell  itself  seems  to  dis- 
appear, leaving  a  bundle  of  fibres  in  its  place  ;  and  those  of  neighbouring 
cells  becotne  continuous  with  each  other  In  this  manner,  the  cliaracter 
of  the  tissue  is  altogether  changed  from  the  celMar  to  the  jihroia. 

44.  Our  knowledge  of  the  mode  of  production  of  other  substances, 
irtiich  are  mcluded  under  the  general  term  of  epidermic  appendages,  is  not 
U  present  sufficiently  complete  to  allow  it  to  be  stated  with  confidence,  that 
they  are  originally  formed  upon  the  same  plan  The  dense  calcareous  shells 
of  the  Mollusca,  and  the  thinner  jouited  envekpe  of  the  Crustacea,  have 
been  commonly  regarded  as    mere    exudations  of  stony    matter,    mixed 
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with  an  aniinal  glue  secreted  from  the  memhrane  which  answers  to  the  true 
skin.  The  hard  ases  and  sheaths  of  the  Polypifera,  however,  have  been 
also  regarded  in  the  same  Ught ;  and  yet,  as  will  hereafter  appear,  these 
are  unquestionably  formed  by  the  conaohdation  of  what  was  once 
living  tissue.  From  the  analogy  which  the  shelb  of  Mollusca  and  Crustacea 
bear  to  the  epidermic  appendages  of  higher  animals,  there  would  seem  rea- 
son to  beUeve  that  the  former,  like  the  latter,  take  their  crigiu  in  cells ;  and 
that  these  are  afterwards  hardened  by  the  deposition  of  earthy  matter  in 
their  interior.  The  only  recorded  observation  bearing  on  the  question  is  con- 
firmatory of  this  view ;  Valentin  having  perceived  the  newly-forming  external 
skeleton  of  the  Cray-fish  to  be  composed  of  such  cells,  which  presented  the 
dotted  appearance  formerly  described  as  of  frequent  occurrence  in  Plants, 
and  due  to  the  same  cause  {%  26). 

45.  From  structures  of  this  extravaaeviar  character,  in  wliich  httle 
departure  takes  place  from  the  original  form  and  arrangement  of  the 
cells,  we  are  led  to  others  in  which  the  cellular  character  is  more 
obscure,  but  in  which  the  general  purpose  is  the  same, — that  of  afford- 
ing support  and  protection  to  the  softer  tissues.  Of  these,  CarlUagt 
is  the  first  to  he  considered.  In  many  Fishes,  as  in  the  early  con- 
dition of  all  higher  animals,  this  forms  the  entire  skeleton ;  no  bone 
being  developed,  except  upon  a  basis  afforded  by  this  tissue.  Even 
in  adults.  Cartilage  is  found  in  manv  parts,  where  a  certain  degree  of 
flcsibihty  and  elasticity  are  to  be  combined  with  touglmess  and  density; 
and  we  consequently  find  it  covering  the  articular  surfaces  of  bones,  as  well 
as  uniting  their  distant  extremities  (as  in  the  ribs),  and  also  giving  form 
and  consistence  fo  the  eyelids,  ears,  and  other  similar  parts.  If  examined 
by  the  eye  alone,  the  simplest  kind  of  Cartilage  does  not  exhibit  any  trace 
of  atnieture,  being  nearly  homogeneous  throughout.  In  many  instances, 
however,  there  is  an  evident  fibrous  structure,  pervading  the  otherwise 
apparently  homogeneous  mass  ;  and  sometimes  this  fibrous  structure  prevails 
to  so  great  an  extent,  as  to  give  an  almost  indeterminate  character  to  the 
tissue.  When  the  simplerforms  of  Cartilage  are  examined  with  the  micro- 
scope in  the  adult  condition,  or  the  fibrous  Cartilages  are  observed  in  progress 
of  development,  it  is  seen  that  they  consist  of  a  number  of  cells  lying  near 
together,  in  the  midst  of  a  mass  of  intercellular  substance,  like  that  which 
holds  together  the  cells  in  many  Plants  (Fig.  22?).  This  intereellular  sub- 
stance generally  forms  a  considerable  part  of  the  whole  mass ;  and  the 
cells  are  very  commonly  imbedded  in  it,  in  groups  of  three  or  four  toge- 
ther. New  cells  are  often  developed  between  these  at  a  subsequent  time, 
from  nuclei  which  were  imbedded  in  the  intercellular  substance  ;  and  this 
last  at  the  same  time  commonly  undergoes  a  change,  from  a  homogeneous 
to  a  fibrous  character.  How  the  latter  change  is  effected  is  still  obscure ; 
it  has  been  imagined  to  he  due  to  such  an  organising  indueiice  of  the  living 
cells  upon    substances  exterior  to  their  wails,  as  is  known  to  be  exercised 
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»on  their  contents  ;  but  it  seems  more  probably  to  be  referred  to  the  dcve- 
^ment  of  new  cells  in  the  intercellular  suhstanee,  and  the  transformation 
i  into  fibres,  iu  a  manner  analogous  to  that  already  described. 
a  its  ordinary  state,  may  he  regarded  as  holding  an  intermediate 
L  respect  to  degree  of  vitality,  between  such  completely  extra- 
r  substances  as  the  epidermic  appendages,  and  the  cartilage  which  is 
g  ossiBcation.  It  is  even  doubted  by  many  nhcthor  it  possesses 
s  capable  of  carrying  red  blood  ;  and  the  changes  which  are  noticed 
,  whether  of  disease  or  of  reparation,  Ia.ke  place  with  extreme  slow- 
Its  vitality  is  perhaps  the  lowest  of  all  the  tissues  which  retain  a 
mection  with  the  living  structure  ;  and  this  is  quite  conformahle  to  the 
actions  it  has  to  perform,  which  are  of  a  simply-physical  character,  need- 
ing only  a  tissue  endowed  with  density  and  toughness,  in  combination  with 
some  degree  of  flexibility  and  elasticity. 

46.  The  conversion  of  cartilage  into  Bone  essentially  consists  in  the 
deposition  of  earthy  matter  in  the  cells  and  in  the  intercellular  substance  of 
the  former;  which  is  efiected  by  the  bloodvessels  distributed  through  it, 
These  vessels  rapidly  enlarge  at  the  commencement  of  the  process  of  ossi- 
fication ;  and  the  blood  moves  through  them  with  great  activity.  The 
osseous  tissue  retains  a  higher  degree  of  vitality  than  the  cartilaginous  ; 
and  this  may  be  reasonably  considered  as  intended  to  provide  for  the  repa- 
ration of  injuries,  to  which,  in  consequence  of  the  increased  brittleness 
necessarily  accom[)anying  their  increased  density,  bones  are  more  liable 

ce  the  internal  skeletons  of  Vertebrata  differ  from  the 
temal  envelopes  of  the  Invertebrate  classes  ;  the  latter  being  only 
ted  by  agents  which  operate  on  their  surface;  whilst  the  former 
iJte  as  capable  as  any  parts  of  the  organism  to  which  they  belong,  of 
nndei^ng  the  processes  of  interstitial  absorption  as  well  as  of  deposition 
(I  1 15,  6).  The  peculiarity  of  Bone  as  distinguished  from  cartilage, 
is  the  presence  in  it  of  calcareous  matter ;  in  the  particles  of  which 
may  be  traced,  if  not  a  crystatltnc  form,  at  least  a  crystalluie  arrange- 
ment. They  appear  to  be  principally  deposited  in  the  cells  of  the 
cartilage,  where  they  in  some  degree  replace  the  animal  matter  (com- 
monhr  spoken  of  as  albnmen,  but  recently  described  by  Miiller  as  a 
sobstaoce  more  alUed  to  gelatin,  Ki  which  he  has  given  the  name  of 
ehondrin,)  which  these  prei-iously  contained.  The  cnrbonate  and  phos- 
phate of  hme  are  both  present  in  all  bones,  though  in  variable  propor- 
tion, the  latter  usually  predominating  considerably.  These  compounds 
exist  in  small  proportion  in  cartilage  also ;  but  there  the  salts  of  soda 
predominate. 

47.  To  the  unassisted  eye  the  texture  of  Bone  usually  appears  fibrous  ; 
but  the  fibres  are  frequently  united  into  lamellie  or  plates,  which  some- 
times form  regular  layers,  and  sometimes  bound  cancelU  or  large  irregular 
eell-like  cavities.     In  the  long  bones  of  higher  animals,  we  find  a  central 
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canal,  which  m  most  Birds  is  hollow,  whilst  in  Mammalia  it  is  filled  w 
n  fatty  substance  termed  marrow.     This  canal  is  surrounded  by  Tery  c       _ 
pact  bony  tissue,  in  which  the  laminated  arrangement  is  very  distinct; 
whilst  towards  the  extremities,  the  compact  laminte  become  thinner,  and 
the  interior  is  filled  with  cancellated  structure,  analogous  to  that  which 
intervenes  between  the  hard  external  plates  of  the  flat  bones.     In  Reptiles 
and  Fishes,  however,  there  is  not  this  distinction  of  parts,  the  hones  being 
soUd  throughout ;  but  their  texture  is  of  a  spongy  character,  nowhere  pre- 
senting the  same  firmness  as  that  of  the  exterior  of  the  hones  of  Birds 
and  MammaUft.     When  the  calcareous  matter  has  been  removed  by  the 
action  of  an  acid,  the  bone  presents  the  characters  of  cartilage,  and  is 
found  to  possess  the  structure  just  described  as  peculiar  to   that  tissue. 
The  cells  or  corpuscles,  however,  are  seen  to  have  sent  out  slender  prolon- 
gations in  a  radiated  manner ;  which,  when  filled  with  earthy  matter,  con- 
stitute the  osseous  corpuscles  that  appear  to  be  pecuhar  to  fuUy-formei™ 
bone  (Fig.  228).  These  are  white  and  opaque;  but  when  the  calcareo^l 
matter  has  been  artificially  removed  by  eliemical  means,  they  regain  thoH 
transparency,  and  their  nuclei  maybe  seen  within  them.     It  is  not  JH 
these  alone,  however,  that  the  earthy  matter  of  bone  exists ;  as  is  proved  )^H 
the  fact  that,  if  all  the  animal  portion  of  the  tissue  be  removed  by  heat  i^H 
by  other  chemical  means,  the  remauiing  calcareous  particles  hold  togetl^H 
much  better  than  they  could  have  done  had  they  been  thus  scattered.     ^H 
48.     The  substance  of  the  long  Bones  is  traversed  by  a  complex  syatf^H 
of  canals,  which  communicate  with  each  other,  and  with  the  prindj^H 
cavity  ;  these  canals  (termed  Haversian,  after  the  name  of  their  discoverci^B 
contain  mednUary  matter ;  and  the  central  hollow,  as  weU  as  the  canc^^| 
may  be  regarded  as  enlargements  of  them.     In  Reptiles  and  Fishes,  t^H 
bones  present  a  more  uniform  character  throughout, — none  of  the  HaT^H 
sian  canals  predominating  much  over  the  rest  in  size,  but  a!!  being  ^H 
larger  diameter ;  and  from  such  differences  as  these,  it  is  possible  to  det^| 
mine  the  class,  and  even  the  order,  of  animals,  to  which  a  particular  bfl^H 
belonged,  by  microscopic  examination  of  an  unformed  fragment  of  it.  lj^| 
connection  of  the  Haversian  canals  with  the  bloodvessels  that  permeate^^| 
bony  structure,  has  not  been  distinctly  ascertained.     If  a  section  be  mi^l 
of  a  bone  in  such  a  direction  as  to  cut  tbem  across,  it  will  be  found  ^^| 
the  bony  structure  is  arranged  in  concentric  laminEB  around  them ;  ^^| 
that  on  each  circle  are  radial  lines,  which  appear  to  separate  it  into  nan^| 
divisions  (Fig.  229).  No  definite  account  has  been  given  of  the  natur^^| 
these  radial  lines ;  some  have  regarded  them  as  distinct  tubes  ;  others  ^H 
mere  separations  between  the  granules  of  the  osseous  deposit.     Ferli^^| 
from  their  evident  analogy  with  the  tnednUary  rai/s  of  Exogenous  trm^l 
(5  77)  they  may  be  regarded  as  prolongations  of  the  medullary  membra^H 
which  hues  the  Haversian  canals,  into  the  substance  of  the  bone.      E^I^H 
various  phenomena  of  disease,  as  well  as  from  the  results  of  experimei^H 
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enquiries,  it  appears  that  the  perioateum,  or  membrane  enclosing  the  bone, 
can  supply,  by  secretion  from  its  surface,  the  materials  which  form  bone ; 
that  the  medullary  membrane  concurs  in  the  reparative  processes,  though 
in  a  less  degree ;  and  that  the  prolongations  of  these  two  membranes,  and 
especially  of  the  latter,  which  trayerse  the  substance  of  bones,  are  also 
concerned  in  the  new  formation ;  but  that  the  osseous  tissue  itself  does  not 
assist,  otherwise  than  by  these  prolongations,  in  the  formation  of  callus. 
It  may  be  surmised,  then,  that  by  these  medullary  rays,  the  dense  substance 
of  the  Bones  of  Animals,  like  that  of  the  wood  of  Plants,  is  kept  in  rela- 
tion with  the  circulating  fluid. 

49.  Osseous  tissue,  therefore,  may  be  regarded  as  a  substance  possess- 
ing a  degree  of  organisation,  which,  in  comparison  with  those  of  the 
structures  previously  mentioned,  is  of  a  very  high  order ;  and  by  means  of 
it,  the  effects  of  disease  and  injury  are  as  perfectly  repaired,  as  they  are 
in  any  other  tissue  of  the  body.  Still  the  reparation  is  not  effected  by  the 
parts  actually  consoUdated,  which  are  themselves  almost  (if  not  quite)  as  inert 
as  the  stony  axes  of  the  Corals ;  but  by  the  vessels  and  vascular  membranes, 
which  are  distributed  in  prolonged  ramifications  among  them.  In  the 
bones  of  old  persons,  however,  the  power  of  reparation  is  much  dimin- 
ished by  the  increased  deposition  of  earthy  ingredients,  so  that  the  vessels 
and  tubes  are  choked  up.  The  animal  portion  of  the  structure  also  gra- 
dually wastes  away ;  so  that  the  bones  acquire  a  more  stony  hardness,  but 
their  toughness  is  greatly  diminished,  and  they  become  very  brittle.  The 
proportion  of  earthy  matter  to  animal  tissue  in  the  bones  of  a  child  is 
stated  at  about  | ;  in  the  adult  at  iths ;  and  in  the  old  person  at  iths  of  the 
whole  mass.  In  the  young  state,  moreover,  the  alterations  naturally 
taking  place  in  the  tissue,  coincide  (as  it  were)  with  the  reparative  pro- 
cesses ;  so  that  any  injury  to  a  bone  is  in  them  speedily  amended.* 

50.  The  structure  of  the  Teeth  is  now  known  to  be  essentially  the 
same  with  that  of  bone ;  although  apparently  so  different,  that  they  have 
been  regarded  as  unorganised  exudations  from  the  surface  of  the  vascular 
membrane,  -on  the  basis  of  which  they  are  formed.  The  teeth  contain 
three  different  structures,  which  are  sometimes  all  combined  in  the  same 
fabric,  but  of  which  one  or  two  may  exist  separately.  These  are,  the  den- 
tine or  ivory,  the  enamel,  and  the  crusta  petrosa,  or  cementum.  This  last  is 
very  analogous  in  its  structure  to  true  bone,  and  may  be  regarded  as  in 

•  Hence  the  fracture  of  a  principal  bone  is  a  much  less  serious  injury  to  a  child 
than  to  a  young  adult,  and  to  the  latter  than  to  an  aged  person  \ — a  fact  of  import- 
ance not  only  in  Surgery,  but  in  Forensic  Medicine.  A  striking  illustration  of  it  hap- 
pened to  Ml  under  the  Author's  notice,  when  a  surgical  pupil  at  the  Bristol  Infirmary^ 
Three  patients  were  admitted  in  one  week,  each  of  whom  had  sustained  a  simple  fracture 
of  the  thigh  bone.  Of  these,  one  was  a  child  of  3  years  old ;  another  a  lad  of  16  ; 
and  the  third  a  man  of  45.  The  first  was  as  far  advanced  towards  cure  in  a  fortnight,  as 
the  second  in  five  weeks,  and  as  the  third  in  eight. 


i  degree  iatennediate  between  it  and  tlie  dentine  or  ivory. 
enamel  is  compoBed  of  a  number  of  short  fibres  laid  side  by  side  ;  whe| 
these  are  examined  with  the  microscope,  thej  are  found  to  be  tubukr,  and 
to  possess  the  form  of  regular  hexagonal  prisms,  closed  at  their  estremi- 
ties  (Fig,  230),  They  are  thua  to  he  regarded  as  elongated  cells,  resem- 
bling those  of  the  cyliuder-epithehuin  ;  and,  as  in  the  latter,  a  nucleus  may 
be  seen  in  each  of  them,  when  the  calcareous  matter  is  removed  by  theaetion 
of  acid.  The  enamel  is,  in  fact,  produced  in  the  first  instance  by  the 
consolidation  of  a  continuous  membrane,  which  consists  entirely  of  sudbH 
cells.  This  membrane,  in  the  human  tooth,  covers  the  crovm  and  part  flj 
the  sides ;  in  many  other  animals  it  stretches  across  the  cavity  in  \ 
the  tooth  is  formed,  so  as  to  produce  a  plate  of  enamel  in  the  i 
of  the  ivory.  When  once  consolidated,  the  enamel  undergoes  little  fi 
no  subsequent  change,  there  being  no  provision  for  its  nutrition  < 

51.  The  ivory,  or  true  dental  substance,  is  arranged  round  a  < 
which,  in  the  higher  Vcrtebrata  is  generally  single.  In  most  Fishe^ 
however,  it  is  traversed  by  a  number  of  secondary  branches,  which  pn 
from  the  central  pulp-cavify,  and  which,  like  it,  are  hned  by  a  de 
vascular  membrane.  These  arc  obviously  analogous  to  the  HaversiH 
canals  in  hone.  In  some  Fishes,  the  tooth  has  no  principal  cavity  ;  andl) 
medullary  tubes  form  a  very  complex  network  (Fig.  232),  the  print 
trunks  of  which  are  continuous  with  those  of  the  bone  on  which  it  i 
veloped  ;  so  that  there  is  no  absolute  line  of  demarcation  between  the  t 
structures.  The  ivory,  when  broken  across,  exhibits  an  evidently  fibroUB 
structure.  When  sections  of  it  are  examined  with  a  high  magnifying 
power,  it  is  found  that  this  appearance  is  chiefly  due  to  the  presence  in  it 
of  a  number  of  long  slender  tubes,  which  run  in  a  slightly-diverging  course, 
from  the  pulp-cavity,  towards  the  circumference  of  the  tooth.  When  the 
medullary  canals  are  numerous,  each  of  them  is  surrounded  by  a  radiating 
series  of  these  tubes  ;  and  the  tubes  proceeding  from  different  centres  in- 
osculate with  each  other  at  their  extremities.  The  number  of  these  tubes 
increases  from  the  centre  towards  tlie  circumference  of  the  tooth  or  of  each 
system,  by  their  occasional  bifurcation ;  they  also  send  off  very  slender 
lateral  branches,  resembling  the  dehcate  prolongations  of  the  osseous  cells 
(§  47)  ;  and  towards  their  extremities,  they  subdivide  into  minute  ramifi- 
cations, which  communicate  with  branching  cells,  closely  analogous  to 
those  of  true  bone  (Fig.  231).  Sometimes  the  tubes  form  a  more  complete 
network  through  their  whole  course  ;  and  then  the  cells  are  less  numerous. 
The  tubes  and  cells  have  been  fully  proved  to  contain  calcareous  deposit ; 
and  hence  they  have  been  termed  calcigerovs  htles  and  cells.  But,  as  in 
the  case  of  bone,  the  calcareous  matter  cannot  exist  in  them  alone  ;  for  the 
distance  between  their  trunks  is  often  five  or  six  times  their  diameter ;  ami  ■ 
the  intervening  spaec  is  certainly  occupied  by  a   similar  deposit. 
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lol  matter  which  fills  this  space  usually  enhihits  sciireety  any  trace  of 

icture  ;  it  sometimes  preseaCs  rather  n  fibrous  character,  however ;  and 

letimes  Tcstigea  of  cells  may  be  seen  in  it.     The  name  of  inttrhtbular 

ibttance  has  been  given  to  this  clement  of  the  dental  tissue,  which  seems 

importance  than  is  commonly  supposed,  »uce  in  many  cases 

constitutes  the  principal  part  of  the  ivory. 

52.  It  is  now  satisfactordy  aseertaincd  that  the  aubstanee  of  the  Tooth 
formed,  like  that  of  bone,  by  the  dejiosition  of  cnlcareous  matter  in  cells 

tubes,  which  originally  present  the  ordinary  characters  of  cellular 
:nchyma ;  but  it  docs  not,  like  bone,  )>aas  throi^h  the  intermediate 
of  eartilagc.  The  rudiment  of  the  dental  substance  cmisists  of  a 
^nilpy  mass,  containing  a  number  of  nucleated  globules  or  cells  loosely 
aggregated  in  a  fluid.  The  consolidation  of  this  begins  at  the  circum- 
ference ;  so  that,  wheu  the  perfectly-formed  tooth  poaaeaaes  only  one 
«mtjal  pulp-cavity,  the  sliell  is  the  first  portion  formed.  The  mode  in 
the  simple  cellular  pulp  is  converted  into  the  complex  dental  stmc- 
with  its  apparatus  oi'  branching  calngerous  tubes  and  cells  imbedded 
diatinct  tissue,  has  not  yet  been  fully  explained  ;  but  it  may  be  sur- 
■d  that  some  of  the  cells,  which  are  arranged  in  regular  lines,  are  coii- 
into  tubes  by  the  obliteration  of  their  partitions,  as  frequently 
in  Plants  (§  29)  ;  whilst  others  develope  themselves  ui  the  branch- 
bg  manner  which  is  characteristic  of  bone,  so  as  to  form  the  corpuscles 
with  their  radiating  hnes ;  whilst  the  principal  part  of  the  cells  undergo 
little  or  no  change  of  form,  hut  are  simply  consolidated  by  internal  deposit. 
This  consolidation  goes  on,  until,  in  the  teeth  of  the  higher  Vertebrata,  the 
nncalcified  pulp  exists  only  in  the  centre ;  but  in  many  Fishes  and  Heptiles 
certun  prolongations  of  it  reniinn,  which  have  been  already  described  as 
rating  the  Haversian  canals  of  bone.  In  many  instances,  the  outer 
ivory  is  much  firmer,  and  of  finer  texture,  than  the  interior ;  and 
its  much  of  the  appearance  of  enamel,  the  place  of  which  in  such 
cases  it  supplies. 

53.  The  Tooth,  when  once  formed,  undergoes  httle  subsequent  change 
from  within.  This,  indeed,  is  so  completely  a  matter  of  common  obsen'a- 
tiwi,  as  to  have  given  rise  to  the  doubt  whether  the  dental  substance  did 
not  really  consist  of  an  inorganic  exudation  from  the  surface  of  the  pulp. 
The  calcigerous  tubes  naually  remain  somewhat  pervious  during  the  whole 
of  life,  as  is  shown  by  their  absorption  of  ink  when  their  broken  extremi- 
ties are  placed  in  the  fluid  ;  but  their  jiassages  are  certainly  very  mucli 
narrowed  by  the  large  quantity  of  earthy  matter  which  they  contain.     It 

lagined  by  some,  that  a  constant  circidation  of  fluid  charged  with  phos- 
of  lime  takes  place  through  them  ;  but  of  this  there  is  no  diatinct 


54.  The  foregoing  are  the  principal   tissues,   which,  in    the  ftilly-de- 
veloped  state,  present  more  or  less  diatuiet  traces  ni'  their  cetMnr  origin. 


We  have  nest  to  consider  those  id  which  only  a  Jibroas  structure  c 

;  and  such  might  well  be  supposed  to  have  been  formed  on  a.  diiftf' 
ent  plan.  What  appear  to  be  the  elementary  fibres  of  these  tissues  a 
generally  very  minute  ;  those  which  are  perceptible  to  the  naked  eye,  as 
the  white  glistening  threads  traversing  fibrous  membranes,  are  composed 
of  many  elementary  fibres  united  together.  Those  forming  what  is  com- 
monly known  as  Cellular  tissue,  are  stated  to  vary  from  5^  to  i^  of  a  line 
in  diameter.  Such  fibres  are  generaUy  found  either  coalescing  into  bundles 
80  as  to  form  larger  fibres,  or  arranged  side  by  side  into  dehcate  membra- 
s  plates  or  (ameUce.  That  all  fibrous  structures  have  their  origin  in 
cells,  is  not  now  a  matter  of  doubt.  They  have  been  seen  to  nndergo 
transformations  corresponding  to  that  which  has  been  described  in  the 
cortical  substance  of  the  feather.  A  mass  of  nucleated  cells  is  first  seen, 
which  gradually  become  spindle-shaped,  elongating  more  and  more  ;  at  the 
same  time  presenting  at  the  extremities  of  each  an  appearance  of  divisions, 
which  gradually  extend  towards  the  centre,  so  that  the  cell  ultimately 
resolves  itself  into  a  bundle  of  fibres ;  and  diuing  this  process  the  nucleus 
disappears.  Of  the  precise  manner  in  which  this  transformation  takes 
place,  a  diiFcrent  account  is  given  by  the  most  eminent  microscopic  ob- 
servers \ — some  maintaining  that  the  fibres  are  produced  by  a  mere  splitting 
of  the  membrane  of  the  flattened  cell ;  and  others,  that  they  are  a  new 
deposit  within  it.  For  reasons  which  will  be  hereafter  given  (§  430),  it 
would  not  seem  an  improbable  supposition,  that  the  fibres  are  long  cells 
developed  within  the  parent  vesicle  ;  and  that,  when  fiilly  evolved,  thcjr 
hurst  the  envelope  (of  which  they  then  become  independent),  and  i 
twine  with  one  another. 

55.  Tlie  structure  which  is  ordinarily  termed  Cellalur  Tistue  in 
Animal  body,  differs  so  much  from  that  to  which  this  designation  propc 
belongs,  that  it  would  he  better  if  some  different  appellation  were  ^venfl 
it.  It  consists  of  a  network  of  the  fibres  and  membranous  lamcllie  j 
described,  woven  into  a  minutely-reticulated  texture ;  and  a  number  % 
little  cells  or  cavities  are  thus  formed,  which  ordinarily  contain  a  v 
fluid  shghtly  impregnated  with  albumen,  and  very  similar  to  the  s 
the  blood.  These  cavities  are  not,  however,  snrrounded  vsith  a  distinct 
envelope,  cutting  them  off  from  one  another ;  but,  being  merely  separated 
by  the  net-work  of  fibres  and  strips  of  membrane,  which  form  the  solid 
part  of  the  testure,  they  communicate  freely  with  each  other;  and  fluid  or 
air  injected  into  one  part  is  speedily  transmitted  into  the  neighbouring 
portions  of  the  structure.  There  is  great  difticnlty,  therefore,  in  submit- 
ting this  tissue  to  a  satisfactory  examination,  since  its  condition  after 
death,  and  when  removed  from  the  body,  is  necessarily  very  difterent  from 
the  state  in  which  it  exists  in  the  living  structure, — the  fluid  which  should 
distend  its  catties  having  escaped.  Of  its  importance  in  the  Auimal 
economy   there   can  be  no  doubt ;  but  it  will   be   found  that  it  rather 
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contributes  to  the  performance  of  the  special  functions  of  the  different 
organs,  which  are  formed,  as  it  were,  upon  the  basis  of  it,  than  executes 
any  definite  vital  actions  itself. 

56.  As  among  Plants,  we  find  that  in  Animals  one  of  the  simplest  forms  of 
tissue  constitutes  the  entire  bulk  of  the  least  organised  species,  and  enters 
most  largely  into  the  fabric  of  the  highest ;  and  it  is  very  interesting  to 
remark  that,  the  more  nearly  we  approach  the  confines  where  these  two 
kingdoms'  border  upon  one  another,  the  more  closely  does  their  elementary 
structure  approximate.  For  among  the  Porifera  (§  1 55),  the  body,  or  at 
least  the  soft  portion  which  clothes  the  skeleton,  consists  of  a  number  of 
translucent  globules  which  are  not  perceptibly  joined  together,  and  thus 
resembles  that  loosely-a^regated  gelatinous  tissue  which  constitutes  some 
of  the  lowest  Plants.  Even  in  the  more  complex  Polypifera  (§  149)  and 
Acalephse  (§  144),  all  that  is  evident  of  their  organisation  is  a  soft  and 
gelatinous  matter,  analogous  to  the  pulpy  substance  of  fruits,  consisting  of 
vesicles  loaded  with  fluid.  A  similar  gradation  in  the  characters  of  cellular 
tissue  may  be  observed  in  watching  the  development  of  any  of  the  higher 
animals;  thus,  the  germinal  masSy  from  which  all  the  organs  of  the 
embryo  are  developed  (chap,  xiii.),  is  first  perceived  within  the  egg  to 
consist  of  an  aggregation  of  globular  corpuscles,  each  of  which  is  a  sepa- 
rate cell ;  and  at  a  later  period  the  whole  fabric  of  the  embryo  presents 
a  structure  very  analogous  to  that  of  the  inferior  animals  just  described. 
The  tissues  peculiar  to  different  organs  are  developed  within  this ;  and  it 
may  be  observed,  either  in  ascending  the  Animal  scale,  or  in  watching  the 
gradual  evolution  of  any  one  organism,  that,  in  proportion  as  these  are 
formed,  the  cellular  tissue  becomes  less  predominant  in  the  fa^c,  and 
performs  a  less  important  part  in  its  functions.  This  is  exactly  parallel  to 
what  occurs  in  the  Vegetable  kingdom ;  for,  whilst  the  lower  classes  are 
entirely  composed  of  cellular  tissue,  which  serves  every  purpose  in  the 
economy,  in  ascending  to  the  higher  ones  we  encounter  new  tissues, 
adapted  for  special  functions,  which  supersede  it  as  regards  these  objects ; 
and  the  same  is  the  case  in  the  development  of  the  embryo  of  the  higher 
Plants,  which  at  first  consists  of  a  soft  gelatinous  mass,  and  afterwards  pre- 
sents in  succession  the  forms  of  cellular  structure,  woody  fibre,  and 
Tascular  tissue. 

57.  Cellular  tissue  is  diffused  through  the  whole  fabric  of  the  adult 
Animal,  and  enters  into  the  composition  of  every  organ ;  so  that  it  has 
been  said  that,  if  all  the  particles  of  other  kinds  of  structure,  and  all  the 
deposits  in  its  interstices,  could  be  removed,  there  would  still  be  left  a 
kind  of  framework,  in  which  the  form  and  arrangement  of  every  portion 
of  the  body  would  be  perceptible.  Hence  results  its  uninterrupted  con- 
tinuity through  the  whole  body ;  since  it  not  only  fills  up  the  spaces  left  be- 
tween the  different  organs,  connecting  them  together  more  or  less  closely, 
according  to  the  degree  of  mobility  which  is  to  be  permitted  them,  but 


r  their  miiiDteal  portioiis.  Thus,  the  r^siclea  of  fal,  the 
s  filaments,  and  the  minutest  muscnlar  fibres,  are  nnited 

o  bmuilcs  by  tissue  of  this  character ;  these  buaiUe^  again,  are  incor- 
porated into  larger  ones  by  another  investment  of  the  same  kind;  and  even 
the  trunks  of  the  nerves  and  the  bodies  of  the  mnscles  possess  similar 
sheaths.  In  the  healthy  condition  of  thin  tissoe,  its  interstiees  are  filled 
with  fluid,  secreted  from  the  blood  vessels  ;  and  it  appears  to  be  upon  the 
due  reUtion  between  the  distention  of  the  caiities,  and  the  elasticity  of  tbe 
fibres  (both  of  which  states  are  liable  to  be  affected  bv  diseased  conditioaa 
of  the  nutrient  actions),  that  its  peculiar  tone  in  the  hving  body  depends. 
This  property  is  manifested  in  the  resiliency  of  the  skin,  after  it  has 
been  pressed  and  the  pressure  has  been  removed ;  here  the  fiuid,  con- 
tmued  in  the  cavities  beneath,  is  at  first  expelled  into  the  neighbouring 
interstices,  and  the  elasticity  of  the  fibres  by  which  these  are  bounded 
forces  it  back  again  as  soon  as  the  compression  is  taken  off.  Again,  the 
retraction  of  the  sides  of  a  wound  made  in  the  skin  and  subjacent  tissue 
during  life,  is  due  to  the  same  property,  and  may  be  explained  on  the 
same  principle.  But  when  the  tissue  of  any  part  becomes  over-distended 
with  fluid,  as  in  local  dropsies,  either  from  an  increase  in  the  amount  of 
secretion,  or  from  inactivity  of  the  absorbent  process  which  ought  to  keep 
it  in  check,  the  fibre  loses  its  elasticity ;  and  the  surface,  in  consequence, 
piit  on  pressure,  not  immediately  recovering  itself  when  the  obstacle 
preventing  the  return  of  the  fluid  to  its  usual  situation  is  removed.  It  is 
not  improbable,  however,  that  in  many  cases  the  loss  of  elasticity  is  tbe 
result  of  diseased  nutrition  ;  and  that  the  aceumiUation  of  fluid,  instead 
of  being  its  cause,  is  its  consequence.  A  curious  fact  may  be  noticed 
regarding  the  chemical  composition  of  cellular  tissue  at  dilferent  periods  of 
life,  which  is  analogous  to  what  has  already  been  mentioned  of  its  varia- 
tions in  structure.  In  the  early  period  of  development,  it  consists  almost 
entirely  of  gelatine ;  and  hence  it  is  that  the  flesh  of  young  animals 
affords  much  more  jelly  by  boiling,  than  that  of  adults.  But  in  the 
advance  of  life,  a  deposition  of  albumen,  a  more  highly^animolised  princi- 
ple, replaces  a  part  of  this  ;  so  that,  even  in  the  chemical  composition  of 
this  primary  tissue,  it  is  only  progressively  that  the  characters  of  the  per- 
fect Animal  are  evolved. 

oH.  The  primitive  fibres  of  which  cellular  tissue  is  composed,  some- 
times arrange  themselves  into  distinct  membranes,  which  present  a 
uniform  surface,  and  liave  none  of  these  interstitial  carities  which  have 
just  been  described.  Of  tliese,  the  one  that  presents  the  nearest  approach 
to  the  characters  of  cellular  texture,  is  tbe  Seroug  Membrane;  which, 
indeed,  differs  but  little  from  the  thin  and  expanded  plates  of  that  tissue, 
which  are  frequently  met  with  as  envelopes  to  different  organs.  It 
appears  to  be  formed  of  fibres  a^regated  into  bundles,  which  are  closely 
intcrwoveu  together,   so  as  to  leave  no  appreciable  luterstices ;  and  it  is 


characterised  by  the  peculiar  smoothness  and  glistening  appearance  of  its 
surface.  This  tiasue  is  confined  to  particular  parts  of  tlie  body  ;  and  it  is 
remarkable  that,  wherever  it  occurs,  it  forms  a  closed  bag  or  sac*  The 
simplest  form  of  such  sacs  ia  presented  by  the  liursie  (purses)  as  they  arc 
termed,  which  he  beneath  or  around  tendons,  aud  are  sometimes  inter- 
posed between  them  and  the  skin ;  these  are  frequently  round,  in  other 
instances  of  an  irregular  shape,  and  contain  a.  serous  fluid,  which  is 
secreted  iVora  their  internal  parietes ;  and  their  object  appears  to  be  to 
protect  the  tendons,  and  to  facilitate  and  direct  their  motion.  Tlie 
arrangement  of  the  ti/noDial  membranes,  as  they  arc 
termed,  b  more  complex,  and  will  serve  to  illustrate 
that  of  other  serous  membranes,  which  is  less  rea- 
dily explained.  Tliese  membranes  form  an  important 
part  of  all  the  jouits  or  articulations,  investing  the 
cartilages  which  cover  the  adjoining  ends  of  the 
bones,  and  affording  them  a  surface  of  exquisite 
smoorthnesa  and  evenness,  by  which  they  may  play 
readily  upon  one  another.  The  mode  in  which  this 
is  accomplished,  and  yet  the  closure  of  tlie  sac 
maintained,  may  be  understood  by  the  accompany- 
ing ideal  aection  of  a  joint,  which  shows  the  extremity  of  a  bone,  and  of 
another  articulated  with  it,  a,  a ;  each  covered  with  a  layer  of  cartilage 
i,i,-  and  over  this,  the  synoml  membrane  (marked  by  the  dotted  line),  which 
enveli^s  the  ends  of  the  bones,  and  is  then  reflected  back  from  one 
to  the  other,  c,  c.  It  is  so  closely  united  to  the  cartilage,  that  some 
anatomists  deny  its  presence  on  its  surface ;  and  this  has  indeed  been 
rather  inferred  from  analogy,  than  actually  jiroved-f  In  some  of  the 
joints,  as  in  that  of  the  knee,  there  is  a  complicated  apparatus  of  ligaments 
which  appears  to  be  within  the  synovial  capsule ;  but  they  are  in  reality  on 
its  esterior,  each  being  surrounded  by  a  sheath  of  membrane  which  is 
prolonged  from  the  walls  of  the  sac.  Into  the  cavity  of  the  sac  ia  secreted 
a  fluid  termed  gynoria,  which  by  its  lubricity  prevents  friction ;  it  has  an 
oily  appearance,  hut  consists,  like  the  fluid  of  the  bursie,  of  water  holding 
alkaline  matter  and  albumen  m  solution,  and  thus  differs  but  little  from 
concentrated  serum. 

What  are  more  commonly  known  as  »enm*  mmlranea  line  the 
three  great  cavities  of  the  body, — those  of  the  head,  chest,  and  abdomen ; 
enveloping  the  viscera  which  they  conlaiu,  in  such  a  manner  as  to  afford 
them  an  external  coat  (as  the  sj-novial  membrane  does  to  the  articular  car- 
tilage) ;  and  being  also  reflected  over  the  interior  of  the  cavity  with  which 

•  To  tM»  geaenil  law.  thare  are  one  or  two  comparatively  unimportant  oiceptions. 
A  layer  of  opilheliiun-eella,  resembling  those  plsewhere  found  on  nerouB  membrane, 
n  bsoB  Toamtly  tlBteCttil  on  the  aurfiice  of  tlic  nrtlculnr  cartiiHgcs  ;  by  which  the  pni- 
■bilitf  Mated  above  ie  greatly  strent'tbenet!. 


they  are  in  contact  (aa  the  synoyial  membrane  over  the  opposite  articular 
surface),  ao  as  to  form  a  shut  sac,  intervening  between  the  walla  of  each 
cavity  and  its  contents,  which  facilitates  their  movements,  by  forming  a 
smooth  surface  by  which  each  may  glide  over  the  other.  This  is  evidejitly 
of  peculiar  importance  where  such  constantly-moving  organs  as  the  heart 
and  Inngs  are  concerned.  In  the  healthy  state  it  seems  probable  that  the 
opposite  surfaces  of  the  serous  sac  are  in  absolnte  coutact,  (that  which 
covers  the  lung,  for  instance,  touching  that  which  lines  the  chest)  ;  and 
that  the  secretion  from  each,  which  seems  almost  identical  with  the  senim 
of  the  hlood,  is  sufficient  only  to  keep  it  moist  and  smooth ;  but  in  diseased 
conditions  this  may  he  excessive,  and  may  accumulate  to  an  injurious 
estent.  Although  serous  membranes  do  not  appear  in  general  to  possess 
a  high  degree  of  vitaUty,  they  are  capable  of  takmg  on  a  state  of  violent 
inflammation,  in  which  the  fibrinous  part  of  the  blood  is  exuded  upon  their 
surface ;  this  may  be  organised  into  new  membranes,  and  may  produce 
injurious  adhesion  between  the  opposite  sides  of  the  sac.  The  membrane 
which  hues  the  heart  and  blood  vessels  presents  many  of  the  characters 
of  this  tissue,  and  is  covered  with  a  layer  of  epithelium-cells. 

CO.     The  nest  elementary  form  of  animal  structure  to  be  considered,  is 
that  which  is  denominated  ^firoHS  membrane;  this  composes  a  great  variety 
of  organs,  but  it  must  not  he  confounded  with  the  muscular  and  nervous 
structures,  which  are  also  fibrous, — being  only  another  modification  of  the 
same  elements  that  compose  cellular  tissue.    There  are  two  kinds  of  fibrous 
tissue,  the  white  and  the  yellow.     Of  the  white  are  constructed  tendons  anil     , 
ligaments,  as  well  as  the  fibrous  membranes  which  cover  the  bones  and     ^ 
other  organs.     ITieae  are  characterised  by  the  presence  of  white  or  greyish     , 
fibres,  sufficiently  large  to  he  seen  by  the  naked  eye,  possessed  of  consider-     ,, 
able  density,  and  united  by  membrane  of  a  looser  character.     They  appear 
to  consist  of  bundles  of  primitive  fibres,  contaitung  a  large  proportion  of     , 
albumen,  and  very  much  condensed ;  sometimes  they  run  simply  paraDcl     ^_ 
to  each  other,  especially  when  they  form  membranous  expansions  like  the 
fascia  of  muscles  ;  whilst,  in  other  instances,  they  interlace  most  minutely 
with  one  another,  as  in  the  diira  mater  and  most  tendons,  so  as  not  to  be 
unravelled  except  by  very  prolonged  maceration.     The  gradual  trausformft- 
tion  of  common  cellular  tissue  into  fibrous  membrane,  may  be  frequently    .- 
obser\-ed ;  and  there  would  seem  to  he  no  essential  difference  between  their 
constituent  parts.     And  between  the  various  forms  of  fibrous  tissue  there 
is  a  closer  resemblance  than  would  he  at  first  suspected  ;  for  a  tendon  differs     . 
from  a  hgamcnt  in  little  else  tlmn  the  greater  condensation  of  its  fibres, 
(of  the  arrangement  of  which  a  microscopic  view  is  given  in  Fig.  2-1),  and 
the  smaller  proportion  of  soft  tissue  intervening  between  them.     Fibroua 
membranes  appear  to  possess  hut  a  low  degree  of  vitahty,  the  circulation 
through  them  being  inactive ;  and  the  offices  which  they  perform  in  the 
economy  arc  almost  purely  mechanical.     They  possess  but  Uttic  elasticity, 


PRIMARY   TISSUES   OF   ANIMALS.  45 

beyond  that  conferred  by  the  small  quantity  of  interfibrous  cellular  tissue  ; 
but  their  great  characteristic  is  their  toughness,  by  which  they  are  enabled 
to  resist  forces  which  would  otherwise  tear  or  rupture  them.  Hence  they 
are  peculiarly  adapted  to  enclose  delicate  organs  like  the  brain ;  to  connect 
separate  parts  so  as  to  preserve  their  mobility,  as  in  the  joints ;  or  to  sus- 
tain a  powerM  strain,  as  where  the  muscles  terminate  in  tendons.  The 
yellow  fibrous  tissue  possesses  much  more  elasticity  than  the  white,  and  is 
employed  in  such  situations  as  pecuUarly  require  the  exercise  of  this  pro- 
perty. Thus,  it  composes  the  Hgaments  by  which  the  vertebrae  (or  bones 
of  the  spine)  are  held  together ;  and,  in  cattle,  the  strong  elastic  cord 
which  stays  the  head,  is  formed  of  the  same.  It  also  unites  the  valves  of 
Mollnsca  (§  138)  in  such  a  manner  as  to  keep  them  a  Uttle  apart,  unless 
its  elasticity  is  counteracted  by  the  exercise  of  muscular  power ;  and,  by  a 
similar  contrivance,  the  claws  of  the  Feline  tribe  are  kept  retracted  within 
their  sheath,  except  when  voluntarily  protruded  by  muscular  action.  The 
fibres  which  characterise  the  structure  of  these  Hgaments,  seem  to  be  of  a 
different  nature  from  those  just  described,  and  to  be  in  fact  mii  generis, 
presenting  an  obvious  relation  in  their  peculiar  contractihty  to  muscular 
fibre,  between  which  and  cellular  tissue  they  may  be  regarded  as  inter- 
mediate.    Their  disposition  is  seen  at  Fig.  25. 

61.     A  very  important  modification  of  cellular  tissue,  or,  at  least,  of  its 
elementary  constituents,  is  the  texture  denominated,  from  its  peculiar  secre- 
tion, Mueou9  Membrane,     This,  like  serous  membrane,  appears  formed  by 
the  dose  interlacement  of  fibres ;  but  the  surface,  instead  of  being  smooth 
and  glistening,  is  soft  and  unpoUshed,  like  the  pile  of  velvet,  or  the  rind  of 
a  rq)e  peach.     Nor  is  it  by  any  means  uniform ;  for  there  are  a  number 
ci  Httle  depressions  or  pits  into  which  it  descends ;  and,  from  the  lining 
which  it  gives  to  these,  the  secretion  of  mucus  appears  to  be  principally 
formed.     Unlike  serous  membranes,  those  we  are  now  considering  hue  the 
open  canities  of  the  body ;  thus,  one  commences  at  the  mouth  (being  there 
amtmuoos  with  the  skin),  communicates  with  that  which  lines  the  nostrils 
and  covers  the  spongy  bones  (upon  which  the  olfactory  nerve  is  minutely 
distributed),  and  then  divides  into  two  branches ;  one  of  these  passes  down 
the  air-passages,  and  is  continuous  over  the  whole  interior  of  the  lungs ; 
the  other  lines  the  alimentary  tube  through  its  whole  extent,  communi- 
cating again  with  the  skin  at  its  farther  extremity,  and  sending  prolonga- 
tions along  the  ducts  of  the  glands  which  pour  their  secretions  into  it, — 
these  prolongations  ramifying  and  subdividing  in  such  a  manner  as  to  be, 
m  fact,  the  essential  constituents  of  the  glands  themselves  (chap.  xi). 
Another  mucous  membrane  covers  the  eye,  and  Unes  the  eyehds,  sending 
a  prolongation  which  forms  the  lachrymal  gland,  and  another  which  hues 
the  lachrymal  duct  and  thus  communicates  with  the  membrane  of  the  nose. 
Another  lines  the  urinary  passages,  and  forms  the  tubuli  of  the  kidney 
(§  540)  ;  and  another  has  a  similar  connection  with  the  tubes  and  cavities 
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of  the  generative  Bystem.  All  these,  it  is  obvious,  are  continuous  with  the 
skin  at  some  point  or  other ;  and  anatomical  examination  of  the  cutaueous 
tissue  shows,  that  it  is  not  itself  organically  different  from  the  raucous 
membrane,  consisting,  like  it,  of  simple  fibres  interwoven  together  in  all 
directions,  and  having  almost  identically  the  same  chemical  composition, — 
gelatine  predominating  in  both.  Although,  in  the  higher  animals,  the 
very  different  functions  which  the  external  and  internal  portions  of  this 
membrane  (for  so  they  may  be  regarded)  have  to  perform,  are  so  different 
as  to  lead  to  such  modifications  in  their  structure  as  render  them  incapable 
of  altogether  fulfilling  each  other's  offices,  they  would  seem,  in  some  of  the 
lowest,  to  be  mutually  convertible  ;  the  hning  of  the  stomach  in  the  com- 
mon green  Polype  (§  1 49)  being  capable  of  becoming  the  skin  by  inversion, 
and  what  was  previously  the  skin  serving  equally  as  well  as  the  other  to 
line  the  digestive  cavity.  In  the  higher  classes,  the  skin  is  the  principal 
organ  of  common  sensibility,  the  nerves  of  touch  bemg  minutely  distributed 
upon  it ;  and  it  also  furnishes  the  means  for  dissipating  a  large  proportion 
of  the  superfluous  fluid  of  the  system  by  eshalation.  On  the  other  hand, 
the  mucous  membrane  lining  the  alimentary  canal  is  specially  modified  for 
absorption ;  that  of  the  lungs,  for  the  interchange  of  gaseous  mgredients 
between  the  blood  and  the  air ;  that  of  the  various  glands,  for  the  separation 
or  elaboration  of  their  products  from  the  blood, — and  so  on. 

62.  Mncous  membranes  are  very  highly  organised,  being  copiously  sun- 
phed  with  blood-vessels,  nerves,  and  absorbents  ;  the  nerves  predominating 
in  the  skin,  and  on  the  membranes  lining  the  nose  and  mouth  ;  the  blood- 
vessels on  the  pulmonary  and  other  secreting  membranes ;  and  the  ab- 
sorbents on  that  of  the  intestinal  canal.  The  secretion  of  mucus  which 
constantly  covers  them,  appears  to  protect  them  from  the  contact  of  acrid 
or  irritating  substances ;  and  it  is  often  observed  that,  if  this  secretion  be 
from  any  cause  insufficient  m  quantity,  the  membrane  becomes  inflamed. 
It  usually  seems  to  proceed  from  the  general  surface,  as  well  as  from  the 
little  pits  or  foUicles  into  which  that  surface  is  prolonged  ;  but  when 
another  formation  eiusts  on  the  surface,  as  the  epidermis  on  the  skin,  or 
the  epithehum  on  the  membrane  of  the  oesophagus  and  stomach,  this 
secretion  is  probably  restricted  to  the  mucous  crypts  just  mentioned.  The 
skin  of  Fishes  is  so  largely  fiimished  with  these  crypts,  as  almost  to  pre- 
sent the  characters  of  a  mucous  membrane;  since  the  protection  afforded 
hy  their  secretion  seems  necessary  for  the  defence  of  the  body  from  the 
contact  of  the  irritating  saline  fluid  in  which  it  is  constantly  immersed. 
The  Mucous  membranes  are  the  parts  of  the  fabric  most  concerned  in  the 
performance  of  the  organic  fimctions ;  their  especial  ofBce  being  \o  main- 
tain the  communication  between  the  nutrient  system  and  the  external 
world,  by  obtaining  iioTO  the  latter  the  materials  requisite  for  the  supply  of 
the  body,  and  by  returning  to  it  the  superfluous  or  injurious  portions. 
The  constant  activity  of  the  processes  in  which  they  are  concerned,  keeps 
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I  tteiu  in  intimate  dependeDce  upon  the  due  supply  of  blood,  which  is  the 
^  atimiilus  to  their  actions ;  nod,  occordiuglv,  we  find  that  the  cirnuiatioa 
[  Arough  them  ia  more  ener^tic,  and  more  liable  to  be  affected  by  tem- 
I  porary  changes  in  their  condition,  than  that  of  probably  any  other  organ 
L  except  the  bmin.     Thus,  the  colour  presented  hy  the  mucous  membrane 
1i  lines  the  stomach,  depending  entirely  on  the  degree  of  fullness  of  its 
inate  vessels,  ia  completely  changed  hy  the  stimulus  of  food,  which  excites 
le  secretiou  of  gastric  juice,  and,  consequently,  the  flow  of  blood  into  its 
pillarres ;  so  that  the  pale  hue  which  the  surface  presents,  when  the 
process  of  digestion  is  not  going  on,  rapidly  changes  to  a  rosy  tint  on  its 
commencement.     The  hue  of  the  skin,  in  like  manner,  is  affected  hy 
alteration  of  temperature,  mental  emotions,  &c. ;  and  it  is  an  obvious  con- 
sequence of  this  susceptibility  of  change,  that  theseparts  are  pecuUarly  liable 
to  the  attacks  of  disease,  since  they  are  so  much  exposed  to  the  influence 
of  external  agents. 

63.  The  foregoing  are  the  principal  tissues  existing  in  Animal  bodies, 
which  possess  any  general  resemblance  in  structure  and  actions  to  those  of 
Hants.  It  would  be  easy  to  multiply  the  number  of  elementary  parts,  by 
describing  as  distinct  fabrics  what  are  only  modifications  of  others,  or  com- 
binations with  one  another.  But  those  which  have  been  s]>ecificd  wdl 
probably  be  fbimd  to  comprehend  all  the  essentially-difTerent  rarieties 
which  are  commonly  met  with,  excepting  the  two  which  have  been  men- 
tioned as  peculiar  to  the  Animal  kingdom, — the  Muscular  and  Nenous 
tissues.  And  these  are  rather  peculiar  in  their  vital  properties  and  chemical 
coBstitation,  than  in  their  form  of  organisation.  Observation  of  Muscular 
structure  with  the  eye  alone,  shows  that  it  possesses  a  fibrous  texture  ;  and 
when  any  muscle  of  voluntary  motion  is  particularly  examined,  it  is  found 
to  be  separable  into  a  number  of  distinct  faaemiti,  or  bundles  of  fibres, 
vhich  are  connected  by  cellular  tissue.  These,  again,  arc  divisible  into 
smaller  fasciculi,  which  are  similarly  united  ;  and  each  of  these,  if  careftdly 
analysed  with  the  microscope,  is  found  to  consist  of  a  number  of  distinct 
fibres,  which  possess  a  very  peculiar  and  characteristic  structure,  and  are 
usually  spoken  of  as  the  ultimate  fibres  of  muscular  tissue.  The  size  of 
these  fibres  varies  considerably  in  different  classes  of  animals,  and  even  in 
different  parts  of  the  same  animal.  In  Man,  their  diameter  varies  from 
(bout  »»  to  1^  of  an  inch ;  in  some  Quadrupeds  they  are  larger,  and  in 
others  smaller.  In  Birds,  their  average  diameter  is  not  more  than  half 
»hat  it  is  in  man ;  whilst  in  ReptUes,  it  is  nearly  the  same,-^the  two 
extremes,  however,  being  as  much  as  iSd  of  an  inch  (in  the  Boa),  and  as 
little  a?  iiln  of  an  inch  (io  the  Frog).  In  Insects,  the  average  diameter  of 
tlie  fibres  seems  nearly  what  it  is  in  Man  ;  and  the  range  of  extreme  sizes, 
except  in  the  minuter  species,  does  not  appear  much  greater,  in  Fishes, 
on  the  other  hand,  the  fibres  are  much  larger  than  in  any  of  the  foregoing 
classes ;  sometimes  (as  in  the  Skate)  being  as  much  as  iu  of  an  inch  in 
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iliameter.  Hence  these  afford  the  most  advantageous  opportunities  of 
stud3riDg  the  constitution  of  this  tissue.  The  fibres  are  Dot  always  round ; 
but,  as  may  be  Ascertained  l>y  cutting  a  trausverse  section  of  a  fasciculus, 
they  are  generally  flattened  against  each  other,  so  as  to  he  rather  prisms 
than  cylinders, 

64.  The  fibres  of  Muscular  tissue,  when  examined  with  a  good  micro- 
scope, exhibit  dark  lines  or  »tri<e,  both  across  and  in  the  line  of  their  direc- 
tion. The  longitudinal  strise  are  not  very  regular,  nor  are  they  constantly 
seen  ;  but  the  transverse  marking  seem  very  characteristic  of  this  kind  of 
tissue,  being  very  uniformly  seen,  and  the  interval  in  all  cases  being  about 

vjm  of  an  inch.  Upon  fiirther  analysing  the  fibre,  by  pressure,  by  tear- 
ing its  ends  asunder,  and  by  other  means,  it  is  found  to  consist  of  a  mem- 
branous tube,  within  which  are  arranged  a  number  of  minute  filaments  or 
Jtbrilla,  lying  side  by  side,  It  is  not  quite  certain  whether  or  not  these 
fibriUse  always  fill  the  interior  of  the  tube.  In  the  fully-formed  fibre  they 
usually  appear  to  do  so ;  but  sometimes  the  fibres  seem  hollow,  their  tubes 
containing  only  one  or  two  layers  of  fibrillBe,  and  the  interior  being  filled  up 
with  a  glutinous  fluid ; — tliese  may,  perhaps,  he  regarded  as  not  fiUly 
formed.  When  the  fibrillse  are  separately  examined,  they  are  seen  to  pre- 
sent a  beaded  appearance  ;  and  this  is  probably  the  real  cause  of  the  trans- 
verse strite  on  the  fibre.  For  the  heads,  according  to  the  laws  of  the 
refraction  of  light,  appear  glistening ;  whilst  the  narrow  connecting  por- 
tions are  dark  ;  and  as  the  fibres  are  so  regularly  laid  together,  that  all  tbe 
dark  points  of  those  which  are  contiguous  are  in  the  same  liue,  the  appear- 
ance of  dark  transverse  stripes,  corresponding  in  distance  with  the 
intervals  between  the  enlai^ements  of  the  fibrillie,  is  produced  on  each 
fibre. 

65.  In  the  Muscles  of  organic  life,  especially  in  the  Muscular  coat  of  the 
intestinal  canal,  a  somewhat  different  structure  is  witnessed.  The  fibres 
are  not  so  regidarly  united  into  fasciculi,  but  are  interlaced  into  an  irre- 
gular net-work.  They  do  not  exhibit  so  distinctly  either  the  longitudinal 
or  the  transverse  strise  ;  they  have  a  very  flattened  form,  and  their  diameter 
is  usually  much  smaller, — not  being  upon  the  average  above  ami  of  an  inch. 
Similar  fibres,  flattened  into  bauds,  exist  in  the  pregnant  uterus  ;  and  in 
the  heart  are  found  the  two  kinds  of  structure  combined.  The  nature  of 
the  actions  of  these  parts  seems  closely  connected  with  the  arrangement  of 
their  elements.  In  the  muscles  of  voluntary  motion,  the  object  is  to 
approximate  by  their  contracrion  two  distinct  points,  upon  which,  there- 
fore, all  their  force  is  concentrated ;  and  the  fibres,  in  which  the  contractile 
power  resides,  are  arranged  in  the  most  advantageous  manner  to  effect  this 
purpose,  being  parallel  to  each  other,  and  closely  united  so  as  to  harmonise 
in  their  actions.  In  the  muscles  of  organic  life,  on  the  other  hand,  a  rapid 
and  energetic  contraction  in  a  single  direction  is  not  what  is  required  ;  but 
a  slower  movement  propagating  itself  gradually  over  an  extended  surface. 


d  operating  in  aevera]  different  ilirections.  In  the  heart  bIso,  the  inter- 
diatc  condition  of  the  structure  appears  related  to  that  of  the  ftmctioii ; 
c  and  decisive  contractions  are  here  re[|Ldrcd,  but  these  must 
■  diffused  over  the  surface  of  the  cavity  in  whicli  the  resistance  is 
mted,  and  must  operate  without  fixed  points  of  nttachtnent  for  the 
1  that  a  partially-reticulated  arrangement  is  ob\ioualy  most 
,  advantsgcDus.  It  is  stated  by  Mr.  Skey,  that  the  middle  coat  of  the 
■  arteries  is  composed  of  a  tissue  having  preciGelv  the  same  appearance  imdur 
the  microscope  as  the  muscular  tunic  of  the  intestines ;  and  tliat  this  is 
obyionsly  different  from  the  elastic  fibrous  tissue  with  which  it  has  been 
associated.  It  does  not  seem,  however,  to  be  chemically  identical  with 
muscular  tissue,  since  it  is  entirely  deficient  in  fibrin,  whicli  is  the  cliarac- 
teristic  ingredieut  of  the  latter.  Fibrin,  of  which  the  ultimate  fibres  of 
mnscles  appear  chiefly  composed,  is  made  up,  hke  most  of  the  other  com- 
binatiana  of  which  the  Animal  body  is  constructed,  of  the  four  elements, 
p  osygen,  hydrogen,  carbon,  and  nitrogen  ;  but  it  contains  a  larger  proportion 
(  irf  the  last  than  any  other  proximate  principle,  and  is  thence  considered  as 
the  most  highly  animahsed  (§  18).  It  is  interesting  to  compare  its  pecu- 
liar composition  with  the  special  character  of  its  function ;  this  being  one 
of  many  facts  which  tend  to  prove  that  what  are  termed  eila!  as  well  as 
phyrieal  properties,  may  be  dependent  upon  the  combination  and  arraogcment 
of  the  elementary  particles  of  the  tissues  which  manifest  them  (chap.  i). 

66.  When  a  fibre  is  in  the  act  of  shortening,  its  trans\erse  strife  may 
be  seen  to  approach  one  another,  whilst  the  tube  bulges  at  that  spot,  so 
as  to  form  quite  a  knot,  if  the  contraction  be  violent.  When  a  fasciculus 
of  fibres  is  excited  to  contraction  by  the  will,  or  by  any  other  appropriate 
stimulus,  there  is  reason  to  beheve  that  all  the  fibres  do  not  shorten  at 
the  same  time ;  hut  that  they  interchange  (as  it  were)  amongst  each  other, 
— some  being  passive  wliilst  others  are  active,  anrl  their  conditions  being 
then  reversed.  When  such  a  fnseiridus  is  examined  with  the  microscope, 
it  is  seen  that,  whilst  some  of  its  fibres  are  really  contracted  (as  ia  evinced 
by  the  closer  approach  of  the  stris),  others  are  thrown  into  a  zig-zag  form, 
occasioned  by  the  shortening  of  the  distance  between  their  extremities 
without  any  corresponding  approximation  of  their  own  parts ;  these,  in 
their  turn,  liecome  really  contracted,  and  the  others  relax  into  the  zig-iag 
form ;  which  they  contnme  to  present,  until,  by  any  ontagonizing  force, 
the  estremities  are  drawn  apart  again.  This  successive  state  of  contraction 
and  relaxation  in  the  different  fibres,  is  made  known  to  the  ear  also,  by  a 
rapid  ^lint  silvery  vibration,  which  is  heard  when  the  ear  is  apphed  to 
a  muscle  in  vigorous  action. 

67.  Besides  the  appearances  already  described  as  pecuUar  to  Muscular 
fibre,  one  other  must  be  mentioned,  which  seems  to  have  an  interesting 
connection  with  the  mode  iu  which  this  tissue  is  developed.     In  almost  all 

.   the  muscular  fibres  of  organic  life,  and  occasionally  in  the  muscular  fibres 


of  animal  life,  certain  little  oval  bctdies  or  corpuscles  may  be  seen ;  which, 
when  examined  more  closely,  are  found  to  consist  of  minute  granules. 
They  may  almost  always  be  hrouglit  into  TJew  in  the  fibre  of  voluntary 
muscle,  by  touching  it  with  a.  weak  add,  such  as  the  citric.  At  an  earlier 
period  of  development,  however,  they  are  seen  without  any  such  prepara- 
tion ;  the  muacidor  fibre  then  presents  the  form  of  a  flattened  hand,  and 
the  corpuscles  appear  as  bulgings  of  it ;  and  it  is  interesting  to  remark  that 
this  state  is  nearly  identical  with  that  which  remains  as  the  permanent 
condition  of  the  organic  muscular  fibre.  Now  there  is  little  doubt  that 
these  corpuscles  are  identical  with  the  nitclei  of  the  cells  from  which,  as  it 
would  appear,  the  muscular  tissue  in  common  with  every  other,  is  at  first 
developed.  From  the  researches  of  Schwann  and  Valentin,  it  seems  pro- 
bable that  the  membranous  tube  is  the  first-formed  part  of  the  fibre  ;  and 
that  this  takes  its  origin  in  a  series  of  cells  laid  end  to  end,  the  partitions 
between  which  break  down,  just  as  in  the  formation  of  the  ducts  of  plants, 
and  probably  of  the  capillary  vessels  of  animals.  Within  these  tubes  the 
fibrilhe  are  subsequently  developed.  Of  their  origin  we  have  no  certain 
knowledge ;  but  they  correspond  in  many  respects  with  the  secondary 
deposits  which  are  so  often  formed  within  Vegetable  cells  at  a  period  distant 
trout  that  of  their  first  production.     (See  5  ^30.) 

68.  The  last  of  the  Animal  tissues,  the  Nemoiu  structure,  is  one  which 
has  afforded  a  fruitful  source  of  investigation  to  the  microscopic  enquirer, 
wiulst  the  peculiarity  of  its  functions  renders  it  an  object  of  especial  interest 
to  the  physiologist.  If  any  nervous  tnmk  be  carefully  examined,  it  will  be 
found  to  consist  of  a  number  of  smaller  filaments,  connected  together  by 
cellular  tissue,  and  enriosed  in  a  common  membranous  envelope,  the 
neurilema.  These  fibres,  when  analysed  in  the  same  manner  with  the 
minute  fascievdi  of  muscular  substance,  are  foimd  to  consist  of  tubular 
fibres,  which  are  usually,  if  not  always,  perfectly  cylindrical  (Fig.  29). 
Their  cavity  is  filled  with  a  sort  of  medulla  or  pith,  which,  wheu  squeezed 
from  them,  has  a  granular  consistence ;  but  when  lying  m  aitu,  this  sub- 
stance is  stated  by  Bemak  to  he  itself  a  continuous  fibre,  divisible  into 
minute  filaments.  At  some  of  the  extremities  of  the  nerves,  these  minute 
filaments  can  be  seen  to  separate  from  each  other,  spreading  out  in  a  loop- 
like manner  over  the  surface  to  which  they  are  distributed,  on  which  a 
complete  net-work  is  thus  formed,  consisting  of  filaments  much  more  minute 
than  can  be  elsewhere  distinguished.  The  diameter  of  the  fibres  varies, 
among  the  Invertebrata,  from  A  to  niu  of  a  line  ;  but  in  Vertebrate  ntiirnala 
the  extremes  are  not  so  distant,  the  tubes  being  commonly  from  ilo  to  ib  of 
a  line  ui  diameter.  A  similar  fibrous  structure  is  evident  in  the  brain; 
and  here  the  tubes  seem  to  contain  a  viscous  fluid,  not  altogether  unlike 
the  medulla  of  the  fibres  of  nerves,  but  of  less  consistence.  A  diffei^Bt 
structure  has  been  described  by  Ehrenberg,  under  the  name  of  Farieose 
tubes,  which  he  states  to  exist  in  the  brain,  spinal  cord,  and  nerves  of 


il  sensatioti.  These  tubes  were  so  named  from  their  not  being  cylin- 
I,  but  presenting  dilntations  Ett  intcrvnls,  so  as  to  resemble  a  string  of 
ig.  2^)  ;  and  this  appearance  has  given  rise  to  llie  opinion  tliat  the 
Q  is  composed  of  globules.  It  is  now,  however,  Hatisfactorily  shown 
t  these  dilatations  are  the  result  of  the  pressure  and  other  manipu- 
is  to  which  the  objects  are  subjected  in  preparation  for  tlic  microscope ; 
I  and  that,  if  the  uervous  fibres  of  the  brain  and  other  parts  are  examined  in 
>  recent  state,  they  are  cylindrical,  like  those  of  the  nervous  trunks  in 
general.  Still  there  is  some  difference  in  their  structure,  siuee  they  exhibit 
this  tendency  to  become  varicose,  which  b  elsewhere  wanting.  Besides 
these  tubular  fibres,  which  constitute  the  white  portions  of  the  nervous 
matter,  there  are  other  filaments  of  a  grey  colour,  without  distinct  cavities, 
and  of  much  smaller  diameter,  which  exist  especially  in  the  sympathetic 
nerves,  but  which  may  also  he  detected  in  others.  These  fibres  may  be 
termed  organic ;  those  existing  in  the  sympathetic  system  of  nerves  can 
I  be  traced  to  its  gangUonic  centres ;  whilst  those  which  are  found  in  the 
I  eerebro-sprual  nerves  are  connected  with  thegangUa  upon  theirposterior  roots. 
69-  All  the  Nervous  fibres  appear  to  maintain  their  separate  eontinuity, 
from  their  origin  to  their  termination,  without  any  junction  or  anastomosis 
amongst  each  other;  it  is  not  uncommon,  however,  for  two  or  more  trunks 
to  interchange  separate  filaments.  This  kind  of  connection  seems  to  exist 
between  the  two  great  divisious  of  the  nervous  system  (chap,  xv.),  each 
eont^ning  some  fibres  which  are  derived  from  the  other ;  and  it  is  not 
onfreqnent  between  other  nerves  possessing  differeiit  endowments,  when  it 
is  required  that  their  functions  should  be  combined  in  any  particular  trunk 
or  branch.  There  is  reason  to  believe  that  the  nervous  fibres  or  tubes 
ori^ate  very  much  in  the  manner  of  the  muscular ;  a  series  of  cells  being 
converted  into  a  continuous  tube ;  and  the  ultimate  filaments  of  nervous 
matter  being  subsequently  developed  within  this,  hke  the  fibrillse  of  the 
muscle.  In  uo  auimal,  however,  is  the  nervous  system  composed  of  fibrous 
structure  only.  Some  part  of  this  is  always  in  connection  with  another 
kind  of  tissue,  which  is  commonly  termed  gretj  or  eineritious,  from  its  colour 
in  the  higher  animals  :  it  is  also  termed  cortical,  from  its  being  disposed 
on  the  exterior  of  the  brain  ;  hut  it  Ues  in  the  middle  of  the  spinal  cord, 
and  of  other  ganglionic  centres.  This  substance  consists  of  cellular  tissue, 
and  of  a  net-work  of  blood-vessels,  in  the  interstices  of  which  lie  a  number 
of  TCslcular  globules  eontmuing  nuclei,  and  into  which  the  neighbouring 
I  fibres  are  prolonged  in  loops.  These  globides  are  of  large  size  in  the 
\  gBi^ilia,  and  seem  connected  together  liy  httie  filaments,  like  the  small 
grey  fibres  of  the  sympathetic  nene.  In  the  brain,  they  appear  broken 
down  into  more  minute  granules.  Nervous  tissue  is  very  copiously  sup- 
plied with  blood-vessels,  which  not  only  form  a  large  part  of  the  grey 
substance,  but  ramify  minutely  in  the  trunks  of  the  nerves ;  aud  upon  the 
constant  stimulus  of  the  circulating  fluid  its  fimctions  seem  to  depend. 
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Nervous  matter,  or  neurine,  contains  a  remarkable  proportion  of  water — 
no  less  than  80  per  cent. ;  a  peculiar  fatty  matter,  into  the  composition  of 
which  nitrogen  enters ;  together  with  some  sulphur  and  phosphorus,  the 
proportions  of  which  last  ingredients  appear  peculiarly  liable  to  he  affected 
by  disease. 

V.—Tranafonnatioa  of  Tissues. 

70.  There  exists,  to  a  certain  extent,  a  capability  on  the  part  of  the 
different  tissues  uow  described,  to  assume  each  other's  characteristic  forms 
and  properties.  This  transformation  of  tissues,  howcTer,  is  governed,  like 
their  first  creation,  by  certain  fixed  laws.  In  particular  portions  of  the 
Vegetable  structure,  we  have  observed  that  the  occurrence  of  such  changes 
forms  part  of  the  regular  phenomena  of  growth.  Thus,  we  find  vesicles  of 
cellular  tissue,  which  were  at  first  isolated,  subsequently  becoming 
tinnous  ducts  or  canals,  by  the  obliteration  of  their  partitions  (§  29)  ; 
that  this  change  takes  place  during  the  development  of  every  more  perfect 
Plant,  seems  evident  from  the  fact,  that  in  the  embryo  state  no  such  dncts 
are  ever  found,  the  whole  fabric  being  formed  of  cellular  tissue.  Again,  it 
seems  ascertained  that  cells  and  vessels  formed  upon  the  spiral  type,  may 
present  great  varieties  of  appearance  at  different  stages  of  developmenl ; 
the  fibre  which  at  first  possessed  a  regular  spiral  form,  being  subsequently 
broken  into  rings  or  more  irregular  portions,  so  as  to  produce  an  annular 
or  reticulated  duct ;  and  these  portions  at  a  later  period  growing  at  their 
edges,  and  uniting  together  to  form  that  kind  of  internal  sheath  with 
numerous  interstices,  which  constitutes  a  dotted  duct  (§  32 — 34).  We  find 
in  the  lower  parts  of  the  Vegetable  scale,  that  the  function  of  these  ducts, 
namely,  the  conveyance  of  fluid,  is  performed  by  cellular  tissue,  which 
alone  constitutes  the  simplest  forms  of  Plants ;  and  it  is  from  cellular 
tissue,  in  the  higher  and  more  ebborated  vegetable  fabrics,  that  we  find 
these  special  organs  gradually  developed.  But  we  never  find  woody  fibre 
replacing  the  ducts  either  in  situation  or  in  function,  however  extensively 
we  prosecute  our  examination ;  nor  do  wc  ever  observe  that  woody  fibre 
transforms  itself  into  any  kind  of  duct  or  vessel.  These,  indeed,  appear  to 
be  modifications  of  cellular  tissue  entirely  distinct  from  each  other,  althongh 
having  a  common  origin ;  so  that,  when  once  their  character  is  detennined, 
it  remains  fixed.  Although  the  varieties  of  elementary  tissue  are  much 
fewer  in  Vegetables  than  in  Animals,  we  are  able  to  trace  the  operation  of 
the  same  general  law  in  their  development,— that  the  transformations 
which  they  undergo  in  the  evolution  of  the  embryo  of  the  higher  Plants, 
are  analogous  to  those  which  are  presented  to  us  in  ascending  the  scale  of 
existence,  from  its  simpler  to  its  more  complex  structures. 

71.  In  the  development  of  a  highly-organised  Animal  fabric,  possessed 
of  a  multitude  of  dissimdar  parts,  out  of  the  simple  and  almost  homo- 
genous body  which  constitutes  its  germ,  it  would  be  very  interesting  to 
trace  the  gradual  evolution  of  the  different  tissues,  as  well  as  of  the  oi^ans 
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V  compose.  But  this  subject  must  be  here  very  slightly  dwelt  upon. 
3  commonly  stated  that  all  the  elementary  structures  take  their  origin 
1  the  tissue  which  is  ordinarily  but  improperly  termed  ccUulnr;  this, 
ET,  is  scarcely  correct,  since  the  appearance  of  this  last,  as  of  all  the 
i  preceded  by  the  existence  of  a  semi-tranaparent  gelatinous  matter, 
of  which  the  entire  embryo  seems  at  an  early  period  to  be  formed,  end 
which  may  be  regarded  as  a  vesicular  structure  resembling  that  of  the 
itderior  Plants  and  Auimala.  The  cells  of  which  it  consists  give  origin 
simultaneously  to  the  various  kinds  of  tissue,  m  the  manner  already  de- 
scribed ;  and  they  consequently  disappear  in  proportion  as  these  are 
evolved.  There  can  be  no  doubt,  however,  that  cellular  tissue  enters  into 
the  composition  of  every  organ  in  the  body ;  and  that,  in  all  which  essen- 
tially consist  of  it,  very  important  modifiestions  mny  take  place,  either 
during  the  natural  stages  of  growth,  or  from  the  effects  of  disease.  Thus, 
we  find  eartil^e  transformed  into  bone ;  membranes  becoming  carti- 
laginous ;  ligamentous  bauds  becoming  fibrous ; — and  so  on.  But  these 
transformations  are  governed,  both  in  health  and  disease,  by  certain  fixed 
_  principles,  of  which  the  most  general  (being  applicable  to  the  Vegetable  as 
fell  as  to  the  Animal  kingdom)  was  stated  in  the  last  section.  But  this 
t  be  understood  in  the  latter  case,  as  in  the  former,  with  some  timita- 
Thus,  cellidar  tissue  may  be  transformed  into  auy  tissue  which 
its  origin  from  it ;  but  this,  when  once  fully  evolved,  cannot  he  con- 
ted  into  another.  When  this  transformation  takes  place,  it  is  often  to 
me  special  object  required  hy  the  cireumstances.  Thus,  a  new 
ir  synovial  membrane  is  produced  to  obviate  friction,  where  a  new 
joint  results  from  an  unreduced  fracture  or  dislocation  ;  a  cutaneous  mem- 
brane is  developed,  where  protection  from  the  external  air  is  necessary ; 
1  and  cartilage,  where  elasticity  and  strength  are  required, 

72.   When  a  regeneration  occurs  of  parts  which  have  been  destroyed  by 

r  injury,  a  tissue  consisting  of  distinct  cells  is  at  first  formed, 

which  is  afterwards  converted  into  the  structiire  that  is  to  he  repaired,  or 

into  some  other  which  replaces  it  in  the  Animal  scale.     Tlius,  a  divided 

moscle  is  omted  by  a  yellow  fibrous  tissue,  like  that  which  in  some  animals 

I  wema  to  exist  as  a  substitute  for  muscle ;  and  cartilage,  which  is  formed 

■between  the  two  ends  of  a  broken  bone,  before  the  deposition  of  ossific 

■,  frequently  supplies  its  place  in  animal  structures.     But,  although 

'  this  vesicular  tissue  itseli'may  he  transformed  into  any  of  its  modifications, 

these  do  not  appear  capable  of  licing  changed  hy  disease  uito  one  another, 

excepting  so  far  as,  in  the  progress  of  embryonic  life,  or  in  the  animal 

series,  similar  transformations  occur.     Tims,  cartilage  may  become  bone,  but 

never  mucous  membrane  -,  mucous  membrane  may  be  converted  into  skin, 

and  iHce  vend,  but  neither  into  serous  membrane.     Again,  it  is  found  that 

^^»M  tissues  which  are  atrophied,  or  insuflieiently  supplied  with  nutriment, 

^L^Bve  a  tendency  to  return  to  the  condition  of  cellular  structure.     This 

^B^egenerBtion  occurs  in  a  great  variety  of  instances.     Sometimes  it  Conti^ 
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part  of  the  regular  succession  of  changes  which  mark  the  advance  of  life ; 
as  when  the  thymus  gland,  ductus  arterioBus,  &c.  of  the  fcotua  sliriTel  up, 
having  no  longer  any  function  to  perform.  Sometimes  it  results  from  dis- 
ease or  wont  of  use  in  the  organs  themselves ;  as,  for  instance,  where 
muscles  which  Lave  been  long  inactive  lose  their  contractile  fibres.  And 
sometimes  it  is  observed  in  the  animal  series,  where  an  organ  which  is 
important  in  one  species,  ceases  to  be  so  in  another  that  is  allied  to  it.  A 
curious  illustration  of  the  latter  kind  is  afforded  by  the  Hgammtutii  nuehce, 
which  gives  such  important  assistance  in  the  support  of  the  head,  where  tLc 
neck  is  long  and  the  head  heaiy,  as  in  the  horse  or  os.  In  these  animids 
it  is  distinctly  composed  of  yellow  fibrous  tissue  ;  but  this  structure  ia  not 
so  evident  in  the  sheep,  the  dog,  and  tbe  pig,  where  strength  and  elasticity 
are  less  required  for  this  purpose.  Few  fibres  are  found  in  the  ligamcntum 
nuchas  of  the  cat,  and  in  man  it  is  entirely  composed  of  cellular  substance  ; 
but  in  persons  who  are  accustomed  to  carry  heavy  burdens  on  their  heads, 
a  fibrous  structure  may  be  detected.  Lastly,  transformations  which  result 
from  disease  not  unfrequcntly  tend  to  establish  an  analogy  with  the  usual 
condition,  in  some  other  animal,  of  the  part  affected.  Thus,  it  is  not  un- 
common to  find  in  man  bony  plates  existing  in  the  fibrous  membrane 
{dura  mater)  which  surrounds  the  brain,  and  especially  in  those  projections 
of  it  (the  falx  and  tentorium)  which  diride  and  support  the  different  parts 
of  that  organ  ;  and  these  projections  exist  iu  a  state  of  more  or  less  com- 
plete ossification  in  many  quadrupeds,  especially  among  the  Camivora. 
Again,  the  ligamentous  substance  which  connects  the  muscular  fibres  at 
the  base  of  the  heart,  is  not  unfrequcntly  ossified  by  a  process  of  disease  in 
man ;  whilst  in  the  Ox  and  other  ruminating  quadrupeds,  bone  naturally 
esiststherc.  It  would  be  easy  to  adducemanyillustrationsof  this  kind;  but 
these  wiU  sufBce  to  show  that  lawand  arrangement  preside  over  the  adaptation 
of  these  minute  parts,  as  over  that  of  structures  apparently  more  important. 
73.  Transformations  of  this  kind,  however,  are  by  no  means  the  only 
changes  produced  by  disease.  Morbid  growths  not  uuirequently  present 
themselves,  the  structure  of  which  is  unlike  that  of  any  of  the  regular 
tissues  of  the  body.  Some  of  these  are  known  under  the  names  of  Cancer, 
Sarcoma,  Encephaloid  disease,  and  other  such  terms.  From  the  recent 
investigations  of  Midler,  it  appears  that  they  may  be  resolved  into  tbe 
elements  resembling  those  of  the  proper  structures  of  the  body ;  and 
that  the  peculiar  character  of  malignity  which  the  surgeon  assigns  to  these 
growths,  should  be  founded  on  their  rapid  increase,  their  destruction  of 
the  tissues  amongst  which  they  are  developed,  and  their  tendency  to 
make  their  appearance  in  other  parts  of  the  body,  even  after  the  removil 
of  the  original  diseased  growth, — rather  than  on  any  essential  peculiarity 
in  their  ultimate  organisation,  or  in  their  ehomical  constitution.  The 
presence  of  cells  or  vesicles,  containing  nuclei,  the  walls  of  which  cells  are 
easily  separable  from  one  another,  is  an  almost  constant  characteristic  of 
these  growths  (Fig.  232,  a)  ;   and  thus  we  may  regard  them  as  not  having 
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advanced  far  in  the  process  of  organisation.  These  cells  frequently  be- 
come elongated,  so  as  to  present  the  spindle  form  (like  that  of  the  woody 
tubes)  ;  and  when  such  cells  are  regularly  arranged  in  clusters,  the  tissue 
will  possess  more  or  less  of  a  fibrous  character  (Fig.  232,  b).  In  no 
instance  has  the  complete  transformation,  of  the  cell  itself  into  a  bundle 
of  fibres,  been  observed ;  so  that  the  whole  tissue  may  be  regarded  as 
developed  upon  the  low  and  simple  type  of  the  vesicular  tissue  of  the  lower 
Plants  and  Animals.  Each  cell  enjoys,  as  it  were,  a  separate  individuality, 
so  long  as  it  is  supphed  with  nourishment  prepared  for  its  assimilation ; 
and  effects  the  multipUcation  of  its  kind,  by  the  development  of  new  cells 
of  its  own  nature  within  itself.  Most  Cancerous  tumors  are  partly  com- 
posed of  this  peculiar  tissue,  and  partly  of  the  disorganised  remains  of  the 
structure  in  which  it  developes  itself.  Although  the  ultimate  character 
of  these  cells  is  so  nearly  the  same  as  that  of  the  vesicles  from  which  the 
tissues  are  normally  developed,  they  differ  in  this  remarkable  circum- 
stance ; — ^that,  whilst  the  tendency  of  the  latter  is  to  undergo  certain 
changes  by  which  their  structure  and  properties  are  greatly  altered,  and, 
in  so  changing,  lose  their  reproductive  powers, — that  of  the  former  is 
to  develope  other  cells  similar  to  themselves,  which  in  their  turn  produce 
others,  none  of  them  departing  widely  from  the  original  type.  In  this 
respect  they  possess  a  remarkable  analogy  with  the  growth  of  the  para- 
sitic Fungi,  which  develope  themselves  in  the  interior  of  Vegetable  and 
even  of  Animal  structures  (§  95—7)  ;  and  the  supposition  long  ago  enter- 
tained, that  Cancer  might  be  regarded  as  an  independent  growth  of 
corresponding  nature,  does  not  now  appear  so  extravagant  as  it  was  at  one 
time  considered.  There  can  be  Httle  doubt  that  a  cancerous  tumor  of 
any  size  may  be  developed  from  a  single  ceU  ;  and  it  seems  very  difficult 
to  draw  the  line,  which  shall  separate  such  independent  growths,  on  the  one 
hand  from  the  ordinary  tissues  of  the  body,  and  on  the  other  from  structures 
really  parasitic.  It  is  interesting  to  remark,  that  blood-vessels  cannot  be 
traced  in  these  productions  at  an  early  period  of  their  formation,  but  that 
they  make  their  appearance,  as  in  the  normal  development  of  the  tissues,  at 
a  later  date;  so  that  the  disordered  tendency  cannot  originate  in  the  walls  of 
the  vessels  (as  some  have  thought),  but  must  commence  in  the  blood  itself. 

[For  additional  infonnation  respecting  the  Primary  Tissues  of  Animals,  the  student 
may  be  especially  referred  to  the  following  amongst  other  important  sources.  General 
HUtorp ;  Miiller*8  Physiology,  Valentin  in  Wagner's  Physiology,  Schwann's  Mikrosco- 
pische  Untersuchungen,  of  which  last  work  an  analysis  will  be  found  in  the  Brit,  and  For. 
Med.  Rev.  voL  ix.  p.  495  et  seq.  Epidermis^  ^c. ;  Henle,  Symbolee  ad  Anat.  viUorum 
intestin.  Fibrous  Structures ;  Skey  in  Phil.  Trans.  1837.  Teeth ;  Owen's  Odontography, 
Nasmyth  on  the  Teeth,  Brit,  and  For.  Med.  Rev.  vol.  viii.  p.  1 58  et  seq.  Muscle ;  Skey 
loc.  cit.,  Mandl's  Anatomie  Microscopique,  Bowman  in  Phil.  Trans.  1840.  Nerve;  Ana- 
lytical Review  of  the  Researches  of  Ehrenberg  and  others,  Edinb.  Med.  and  Surg.  Joum. 
vol.  xLvm.  p.  257  et  seq.,  and  Brit,  and  For.  Med.  Rev.  vol.  vi.  p.  595  et  seq.,  vol.  vu. 
p.  500  et  seq.  Trafuformations  of  Tissue ;  Andral's  Anatomie  Pathologique.  Maiignant 
Growths ;  Muller  on  Cancer.] 
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/4.  It  is  computed  that  from  70,000  to  80,000  distinct  tpeaea 
Plants,  or  races  descended  from  different  original  stocks  (chap,  xiv.), 
exist  in  various  collections  ;  and  probaLly  at  least  as  many  more  remain 
to  be  discovered.  An  acquaintance  with  their  characters,  structure,  and 
mutual  relations,  wH]  ohvionsly  be  much  facilitated  by  a  judicious  arrai^;»T' 
ment  of  them  ;  and,  indeed,  it  cao  only  be  gained  within  the  compass  of  i 
a  single  hfe,  by  such  means.  In  making  this  arrangement,  those  spedea 
are  first  assembled  into  a  group,  termed  a  genus,  which  resemble  each 
otiier  in  all  the  more  important  particulars,  and  differ  only  in  minor 
details.  Several  genera  may,  in  like  manner,  be  united  into  a  larger 
division,  which  shall  embrace  those  that  agree  in  the  higher  or  more 
general  characters,  but  diifer  in  their  special  cunformation.  By  continuiug 
to  pursue  the  same  plan  with  regard  to  these  diwsions,  we  arrive  at  orders 
and  classes  i  and  we  arc  at  last  brought,  by  uniting  these,  to  certain 
primary  divisions  into  which  the  whole  kingdom  may  he  at  once  distri- 
buted, each  containing  a  large  number  of  dissimilar  groups  united  together 
by  some  common  points  of  general  resemblance.  Whatever  be  the  pecu- 
liar mode  of  classification,  this  plan  is  its  foundation  ;  and  what  are  called 
Artificial  and  Natural  Systems  differ  in  this, — that  the  artifcial  metliod 
groups  together  plants  according  to  their  correspondence  in  some  owe 
particular  character,  withont  regard  to  the  rest,  and  thus  frequently  brings 
together  plants  which  differ  extremely  in  character  and  properties,  at  the 
same  time  separating  (often  to  a  considerable  distance)  others  which  have 
a  strong  general  resemblance ; — whilst  the  natural  aims  to  associate  in  the 
same  division  those  which  have  the  greatest  general  resemblance  to  each 
other,  and  the  properties  as  well  as  the  structure  of  which  are  found  to 
present  a  manifest  correspondence.  The  Artificial  System  of  Linnaeus  is 
undoubtedly  the  best  of  its  kind,  and  the  most  easy  of  appUcation.  Its 
classes  and  orders  are  principally  founded  upon  the  nmnber  of  certain 
parts  in  the  flower ;  and  as  every  tyro  can  count  these,  the  place  of  an 
Unknown  Plant  in  the  classification  may  at  once  he  discovered.  But 
when  so  ascertained,  no  absolute  information  hos  been  gained  respecting 
the  structure,  properties,  or  affinities  of  the  individual ;  and  a  reference  to 
books  is  necessary  to  obtain  it.  A  person  acquainted  with  the  characters 
of  the  Natural  orders  may,  on  the  other  hand,  at  once  determine  to  what 
previously-known  genus  a  new  or  imknowu  Plant  is  most  allied,  what  ia 
its  place  in  the  series  in  reference  to  others,  and  (which  is  of  the  most 
immediate  practical  importance)  what  are  hkely  to  be  its  poisonous  or 
esculent  properties.  It  is  only  by  aiming  to  perfect  a  Natural  System, 
which  shall  give  a  faithfiil  account  of  the  relative  conformation  of  the 
immense  multitude  of  species  dispersed  over  the  globe,  that  we  can  have 
any  expectation  of  arriving  at  a  knowledge  of  the  laws  which  regulate  the 
structure  and  diatiihution  of  the  Vegetable  kingdom  ;    and  Linnreus  was  so 
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m^ble  of  this,  that  he  framed  his  artifidal  system  solely  foi-  the  purpose 
'  faellitflting  the  accumulation  of  materials  necessary  to  construct  a 
Btiiral  method. 

.  Tlie  primary  division  of  the  Vegetable  kingdom  made  by  Linnseus, 
3  Fhanerogamia  or  Flowering  Plants,  and  Cb\ptogamia  or  Flower- 
i  Plants,  was,  honever,  a  natural  one ;  because  the  members  of  each 
of  these  groups  agree  and  differ  resfjectively,  not  only  in  the  single  con- 
dition of  the  preseuee  or  absence  of  flowers,  but  in  various  other  peculiarities 
of  structure.  It  must  be  explained,  however,  that  it  would  probably  be 
more  correct  to  speak  of  the  Cryptognmia  as  plants  in  which  only  one 
kind  of  apparatus  is  necessary  to  the  formation  of  the  embryo ;  and  of 

IPfaauerogamia  os  reqmring  two  forms  of  reproductive  organs  for  the  pro- 
Aiction  of  the  seed  (cbaI'.  xtti.) :  but  these  oi^ans,  though  usually 
eoatained  together  in  each  flower,  are  sometimes  separated,  as  in  Monoe- 
dous  and  Dicecious  plants  ;  or  they  may  exist  in  an  obsctu'e  form,  without 
any  of  those  appendages  which  constitute  what  is  usually  denominated  a 
flower.  The  Phauerogamia  have  this  most  important  difl'crcnce  in  struc- 
e  from  the  Cryplogamia, — that,  whilst  the  former  contain  woody  and 
vascular  texture  in  abundance,  the  latter  are  almost  entirely  composed  of 
simple  vesicles  of  cellular  tissue.  Hence  the  former  are  frequently  deno- 
minated vatcular  plants,  and  the  latter  cellular;  but  this  distinction  must 
not  be  regarded  as  holding  good  in  every  instance,  since  the  higher  Cryp- 
tt^amia,  such  as  Ferns  and  Mosses,  possess  not  only  a  woody  stem,  but 
evident  indications  of  vascular  structure,  although  no  true  spiral  vessels 
are  found  among  them ;  and  there  are  many  Phauerogamia  in  which 
no  spiral  vessels  can  be  detected.  Tlds  uistauce  is  only  one  among  many 
which  GOnhl  be  produced,  to  show  the  impossibihty  of  laying  down,  with 
regard  to  any  group,  characters  so  definite  as  to  include  all  its  members ; 
without  at  the  same  time  opening  the  door  for  the  admission  of  others,  which 
may  present  approximations  to  them.  In  fact,  there  is  scarcely  any  one 
peculiari^  of  structure  upon  which  diiisious  have  been  established,  that 
I  may  not  be  found  to  exist,  in  an  obscure  or  rudimentary  form,  in  the 
I  ^(nes  most  nearly  aUied  in  other  respects  with  those  to  wliieh  it  is  gene- 
raUy  supposed  to  be  restricted.  Another  marked  peculiarity  which  diatin- 
gmshea  Phanevogamia  from  Cryptogamia,  is  the  structure  of  the  ated  of 
the  former,  as  compared  with  the  spore  of  the  latter.  A  mature  seed, 
prepared  by  one  of  the  former  class,  contains  not  only  the  embryo  of  the 
future  plant, — already  assuming  a  definite  form,  and  exhibiting  the  rudi- 
ments of  its  future  stem  and  root, — but  also  one  or  more  temporary  leaves 
termed  eotyledoia,  which  assist  in  its  development  until  the  true  leaves  are 
evolved ;  as  well  as  a  store  of  nutriment  already  assimilated  by  the  parent, 
which,  like  the  albiunen  of  the  egg,  supports  the  growing  structure  until 
it  is  capable  of  maintaining  its  own  existence.  This  last  part  ordinarily 
ttmstitutes  the  bulk  of  the  seed.  The  ajiore  of  Cryptogamia,  on  tlie  other 
^fiand,  possesses  no  such  distinction  of  parts  ;    and  the  commencement  of 
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the  growth  of  the  cmhryo  which  it  contains,  is  very  different  from 
germination  of  a  seed.* 

76.  The  division  of  the  Phanerogamia  into  subordinate  groups  is 
very  readily  effected,  since  there  are  many  striking  points  of  difference 
which  separate  them  into  two  classes.  Of  these,  the  most  constant  and 
remarkable  are  the  structure  of  the  stem,  and  that  of  the  seed  ;  whilst  the 
conformation  of  the  leaves  and  flowers  also  presents  some  peculiarities 
common  to  the  two  classes  respectiTely.  The  names  given  to  these 
divisions,  with  reference  to  the  strueture  of  their  Stems,  are  Exogens  and 
Endogeita.  The  former  group,  which  inchides  all  the  trees  and  must  of 
the  herbaceous  plants  of  temperate  climates,  is  so  named,  from  the  addi- 
tions to  the  diameter  of  the  stem  being  made  extemalhj  to  the  part  already 
formed.  In  the  latter  division,  which  comprehends  the  Palms,  Canes,  &c, 
of  tropical  climates,  and  the  Grasses  with  most  bulbous-rooted  plants  of 
this  country,  the  addition  to  the  stem  is  made  within  the  previous  portion 
of  it.  The  respective  structures  of  this  part  will  presently  be  more  particu- 
larly described.  The  divisions  which,  previously  to  the  discovery  of  this 
distinction,  had  been  erected  upon  the  character  of  the  Seed,  correspond 
almost  exactly  with  those  just  stated.  Seeds  usually  contain  either 
one  or  two  cotyledons ;  in  the  former  case  they  are  termed  Mbmcoty- 
/edaiioiis,  and  in  the  latter  Dicofylerlonoiis.  Tlic  structure  of  the 
former  is  illustrated  in  Fig.  32,  wliich  represents  the  Seed  of  a  lily  or 
otuon  ;  this  contains  the  embryo,  a,  enveloped  in  its  cotyledon,  and 
surrounded  by  the  albumen,  h,  which  is  laid  up  for  its  support.  When 
germination  (the  incipient  development  of  the  seed)  takes  place,  the 
plumuJa  or  young  stem  (ff.  Fig.  33)  pushes  itself  through  the  cotyledon, 
which  continues  to  sheath  its  lower  part  without  entirely  quitting  the 
coats  of  the  seed.  All  plants  which  have  an  Endogenous  stem  have 
Monocotyledonous  seeds,  and  vice  rersd ;  so  that  the  terms  are  synony- 
mously used  to  characterise  this  great  division  of  the  vegetable  kingdom. 
Amongst  Dicotyledonous  plants  there  is  more  variety  in  structure  ;  for 
the  albumen  does  not  always  surround  the  embryo,  but  is  sometimes  taken 
into  its  substance,  rendering  the  cotyledons  thick  and  fleshy.  This  is  the 
case  in  such  seeds  as  those  of  the  Bean  or  Pea  (Fig.  34)  ;  where  the  two 
cotyledons  a,  a,  are  seen  connected  by  the  germ  of  the  stem  and  roots, 
which  consists  of  the  plumula,  b,  and  the,  radicle,  c.  In  the  Lime  Tree, 
Castor  Oil  Plant,  and  many  others,  however,  the  albumen  is  a  separate 
store,  as  in  Monocotyledons,  and  the  seed-leaves  are  thin  and  membranous. 
During  the  germination  of  most  seeds  with  two  cotyledons,  the  upward 
elongation  of  the  plumula  earries  those  organs  to  the  surface,  where  they 
acquire  a  green  colour  by  their  action  with  the  air,  at  the  same  time  per- 
forming all  the  fimctions  of  leaves,  until  the  permanent  foliaceous  organs 
are  evolved  (Fig,   3ft).      The  albumen,  whether  contained  in   them,    or 

'  What  IB  the  renl  analinfue  of  Oie  spore  in  flowering  plantB,  Mill  be  hereafter  cona- 
dored  (cHiP.  xul) 
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irithin   the  seed,  is  grailually  absorbed  by  tbc;  young  plant ; 

lirhich,  when  this  is  entirely  exhausted,  is  capable  of  maintaining  its  own 

f  existence.     All  Dicotyledououa  plants  arc  Esogenoiis  in  the  structure  of 

[  flieir  stem,  but  the  reverse  does  not  quite  liolJ  good  ;   for  some  Enogens, 

L«si  the  Kue  tribe,  have  many  cotyledons;  and  others,  as  the  Horse-chesnut, 

T  to  have  only  one.     lu  the  former  ease,  however,  it  is  jirobable  that 

e  increased  number  may  be  due  to  the  division  of  the  original  pair  ;  and 

■  the  latter,  it  is  eertoiu  that  there  is  no  absence  of  either  part,  hut  tliat 

Mtyledons  are  united  together,  so  as  to  resemble  a  single  organ,  though 

till  really  double. 

77-  We  shall  now  consider  mure  in  detail  the  structure  of  the  stem, 

K<ind  its  differences  in  exooens  and  endog^ns.      In  Itoth  cases  it  consists 

in  part  of  cellular  tissue,  which  Ibrtos,  as  it  were,  the  mould  of  it ;  and  in 

herbaceous  plants,  the  soft  succulent  axis  is  composed  of  little  else.     In 

harder  stems,  however,  woody  fibre  forms  a  larger  or  smaller  part ;  and 

in  tltese  we  find  vessels  and  ducts  of  different  kinds  developed  to  the 

greatest  extent  (§  329).      It  is  in  the  particular  arrangement  of  these 

tissues,  nud  in  their  mode  of  increase,  that  the  difference  between  the 

Exogenous  and  Endogenous  stems  consists.     The  structure  of  the  former 

is  illustrated  in  Fig.  30,  of  which  the  upper  part  shows  a  horizontal  or 

tnuun-erse  section,  and  the  lower  [lortion  a  vertical  section  (the  same  parts 

being  represented  iu  both  mider  lUlferent  aspects),  of  such  a  stem  as  the 

Ash,  Beech,  Elm,  &c.     In  the  centre  nt  a  is  seen  the  pith,  as  viewed 

through  a  microscope  ;    this  is  composed  of  cellular  tissue  only,  generally 

of  a  regular  figure,  either  hexagonal  or  square.     Surrounding  the  pith  is 

a  delicate  membrane  consisting  almost  entirely  of  spiral  vessels,  seen  iu 

section  at  i,  h  ;  this  is  called  the  medullary  »kealk.     Exterior  to  this  is 

tJie  wood,  which  is  composed  of  concentric  rings,  equal  in  number  to  the 

(■Jlge  of  the  tree.     Each  ring  is  made  np  of  vessels  and  woody  fibre  :   the 

I  ^seb  c,  c,  c,  (whose  transverse  section  is  shown  by  the  large  apertures 

in  the  upper  figure),  being  usually  at  the  interior  of  each  riug  ;   while  the 

woody  tissue  d,  d,  d,  (shown  by  the  muiute  apertures  in  the  upper  figure), 

is  at  the  exterior,  being  formed  iu  the  later  part  of  the  year.     Three  of 

these  rings,  corresponding  almost  exactly  in  structure,  are  seen  in  the 

figure ;  indicating  that  the  stem  or  branch  is  of  three  years'  growth.     The 

neit  ring  would  he  formed  externally  to  the  third,  and  thus  the  inner 

and  older  layers  become   deeply  imbedded   by  the  newer  ones.      It  is 

through  the  ducts  aud  woody  tubes  of  the  newer  layers,  that  the  sap 

ascends  -,   and  the  older  wood  is  olten  consolidated  by  the  deposition  of 

resinous  and  other  secretions,  which  completely  fill  its  passages.     Some- 

1  the  line  of  demarcation  between  the  alburnum  or    sap-wood,  and 

I  llie  duramen  or  heart-wood,  is  very  distinct,  as  in  the  lignum  vitse  and 

I   coco-wood  i  more  generally  however  the  consolidation  is  gradual.      The 

■Ibumuni  soon  decays  if  used  as  timber,  and  is  therefore  comparatively 
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valueleaa.  External  to  the  wood  is  the  bark,  which  is  principally  a 
posed  of  celldar  tissue,  mth  some  woody  fibre.  It  is  frequently  t 
and  spongy,  as  in  the  cork-tree ;  sometimes  the  inner  bark  is  formed  i 
beautiful  layers,  which  may  be  separated  into  a  fine  net-work,  as  in  the 
"  vegetable  lace"  tree  of  Jamaica.  The  bark  is  formed,  like  the  wood,  in 
annual  layers,  which,  howeycr,  can  seldom  be  distinctly  separated  fkim 
one  another ;  but  each  layer  of  hark  is  formed  teitkin  that  which  pre- 
ceded it,  and  in  contact,  therefore,  with  the  new  layer  of  wood.  The 
outer  layers  of  bark  are  in  most  trees  constantly  scaling  or  peeling  off; 
so  that  the  newly  formed  circles  are,  in  the  ]>rogres9  of  time,  brought  to 
the  surface,  and  fall  off  in  their  turn.  One  other  structure  of  the 
Exogenous  stem  remains  to  be  described,  namely,  the  medullary  ray». 
These  are  represented  by  the  lines  radiating  from  the  centre  in  the 
horizontal  section ;  and  are  thin  plates  of  cellular  tissue,  closely  com- 
pressed so  as  to  appear  dark,  maintaining  a  communication  between  the 
pith  and  the  bark.  They  are,  in  fact,  the  remains  of  the  cellular  tissue, 
which,  before  the  first  woody  layer  was  formed,  constituted  the  whole  of 
the  stem  ;  and  when  the  introduction  of  the  first  woody  bundles  sejiarates 
the  internal  cellular  structure,  or  pith,  from  the  external  portion,  which 
composes  the  hark,  these  medullary  rays  or  plates  (known  to  carpenters 
by  the  name  of  the  silver  grain),  keep  up  that  connection  between  them 
which  is  necessary,  as  will  be  hereafter  explained,  in  the  economy  of  the 
plant.  This  structure  may  be  made  comprehensible  by  referring  to 
Fig.  36,  which  is  a  vertical  section  of  a  fossil  wood,  not  taken  m  a  radial 
line  from  the  centre,  but  crossing  the  direction  of  the  medullary  rays ; — 
«,  is  a  large  dotted  duct,  exhibiting  the  remains  of  the  cellular  partitions ; 
b,  6,  represent  the  woody  fibres,  separating  some  of  which  are  seen  the  cut 
ends,  c,  c,  of  the  narrow  plates  of  cellular  tissue  forming  the  medullary  rays. 
78.  The  structure  of  the  Endogenous  stem,  of  which  corresponding 
sections  are  shown  in  Fig.  31,  is  ^ery  different.  We  have  here  also 
cellular  tissue,  woody  fibre,  ducts,  and  spiral  vessels  ;  but  they  are 
arranged,  as  it  would  seem,  without  any  definite  order.  There  is  no 
distinction  of  pith,  wood,  and  bark.  The  cellular  tissue  exists  through 
the  whole  stem ;  and  dispersed  irregularly  through  it,  are  a  number  of 
bundles,  each  of  which  is  composed  of  woody  fibre,  spiral  vessels  and 
ducts.  This  is  shown  in  the  horizontal  and  vertical  sections  in  the 
figure  ; — a,  a,  represents  the  cellular  tissue  existing  in  every  part  of  the 
stem  ;  and  lying  in  the  midst  of  its  substance,  are  seen  the  bundles 
composed  of  fi,  h,  spiral  vessels,  e,  e,  ducts,  and  rf,  d,  woody  fibre.  In 
each  bundle,  the  spiral  vessels  are  innermost,  the  ducts  external  to  them, 
and  the  woody  fibre  on  the  outside  of  these ;  thus,  the  same  order  is 
preserved  as  in  the  Exogenous  stem.  The  additions  to  the  substance  of 
Endogenous  stems  are  made  in  the  centre,  where  the  cellular  tissue  is 
always  comparatively  soft  and  loose  in  its  texture,  and  the  woody  bundles 
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t  {fewest.  Ab  new  tissue  is  formed  in  the  centre,  that  nf  tlic  circumference, 
it  haTmg  mnch  power  of  yieliling,  becomes  compressed  and  very  dense. 
i  outer  wood  of  many  Palms  is  so  hard  as  to  resist  the  blow  of  a 
tchet,  wliile  the  interior  is  quite  soft  and  spongy.  Endogenous  stems 
Tease  much  in  diameter  from  the  time  they  are  first  formed,  but 
Wy  in  solidity.  Sometimes  the  unyielding  eliaracter  of  the  outer  ]«rt 
■  the  atem,  occasions  the  vesseU  to  be  so  closely  compressed  hy  the  ncwly- 
Ided  tissue  within,  as  to  become  impervious  ;  and  the  tree  consequently 
Bea,  unless  the  pressure  be  relieved  by  the  natural  or  artificial  sphtting  of 
the  exterior. 

79-  We  may  next  pass  to  the  consideration  of  the  foliacoous  appen- 
dages of  the  stem,  and  of  their  mode  of  arrangement.  The  Leaee*  of 
plants  present  the  most  remarkable  diversity  of  form  ;  but  few  are  aware 
how  much  agreement  there  is  in  their  general  structure.  Each  one  may 
be  regarded  as  consisting  of  the  petiole  or  footstalk,  the  lumina  or  blade, 
the  midrib,  and  the  cet/w.  Tlie  midrib  and  veins,  which  act  as  the 
skeleton  of  the  leaf,  are  considered  as  prolongations  of  the  petiole ; 
being  formed,  like  it,  of  woody  fibre  and  vessels,  which  are  m  connection 
with  those  of  the  stem  and  bark  (§  330).  The  mode  in  which  the  veins 
are  distributed  is,  to  a  certain  extent,  characteristic  of  the  different 
classes  of  plants.  Thus,  among  the  Cry|ilogamia,  wherever  the  veins 
exist  in  a  definite  form,  as  in  Ferns,  thev  nunil'y  by  subdivision,  without 
agun  uniting ;  hence  these  plants  have  been  termed  forked-veined.  In 
ExDgens,  the  veins  ramiiy  in  a  manner  somewhat  similar,  but  they  unite 
again,  and  by  their  frequent  inosculation  form  a  kind  of  net-work  ;  such 
leaves  are  said  to  be  reticulated.  In  Endogens,  on  the  other  hand,  the 
veins  are  always  parallel  to  each  other,  sometimes  running  in  the  line  of 
the  principal  vein  or  midrib,  sometimes  transversely  to  it ;  hence  these 
leaves  are  said  to  be  paraflel-oeined.  The  lamina,  or  blade  of  the  leaf, 
is  formed  by  the  paretiehyma,  or  fleshy  cellular  tissue,  which  fills  np  the 
interstices  of  the  veins  ;  and  according  to  the  degree  in  which  this  is 
present  or  absent,  the  shape  of  the  leaf  will  vary,  although  the  distri- 
bution of  the  veins  remains  the  same.  Thus,  in  Fig,  37,  all  the  spe- 
cimens represented  have  tlie  same  character  of  uenation,  and  yet  seem 
lo  differ  completely,  owing  to  the  variety  in  their  filling  up.  These 
are  leaves  of  different  plants  ;  but  the  same  plant  may  exhibit  great 
varieties,  according  to  the  degree  of  nutrition  which  it  receives.  Thus, 
the  Holly  will  sometimes  bear  leaves  so  smooth  at  their  edges  that  it  can 
scarcely  be  recognised ;  while,  under  common  circumstances,  the  reins 
project  so  far  beyond  the  parenchyma,  as  to  have  the  character  of  prickles : 
the  Cocklearia  (horse-radish),  of  which  the  leaves  have  usually  edges 
neariy  even,  will,  if  starved,  present  them  deeply  toothed :  and  in  the 
DraeoHtium  pertiuum,  one  of  the  Amm  tribe,  the  large  expanded  leaves 
have  not  unfrequently  apertures  in  their  centre.     It  would  be  foreign  to 
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the  present  object  to  enter  more  minutely  into  the  general  conformation  of 
these  parts  of  the  vegetable  fabric  ;  of  their  spedal  stractnre  in  relatiou 
to  the  functions  of  Eshalation,  Respiration,  &c.  in  which  they  are  con- 
cerned, details  will  hereafter  be  given  (§  496) ;  and  the  laws  of  their 
arrangement  will  shortly  he  stated  (§  16S). 

80.  The  essential  structure  of  the  Flower  presents  but  Utile  variety 
in  Exogens  and  Endogens,  as  both  possess  the  same  parts,  arranged 
in  the  same  manner ;  the  only  difference  is  in  their  numlier ;  and  the 
indications  which  this  affords  are  by  no  means  constant  or  definite.  The 
flower  is  composed  of  several  distinct  parts,  some  of  which  are  essential  to 
the  formation  and  ripening  of  the  seed,  whilst  others  are  less  necessary, 
and  are  frequently  absent.  At  the  base  of  the  stalk  which  supports  it,  are 
often  found  some  little  leaves  termed  bracts,  which  are  intermediate  in 
character  between  true  leaves,  and  those  metamorphosed  forms  of  the 
same  elements,  which  occur  in  the  flowers  themselves.  Sometimes  the 
bracts  are  themselves  coloured,  and  are  much  larger  than  the  parts  of  the 
true  flower,  as  in  the  Hydrangea.  The  coloured  leafy  parts  of  the  flower 
arc  called  thejtoru/  enrehpet,  to  distinguish  them  from  the  essential  por- 
tions of  the  reproductive  system,  and  consist  of  the  caJyx  and  eoralla. 
These  differ  more  in  position  than  in  real  character  ;  for  though  the  calyx 
is  usually  green,  and  the  corolla  coloured,  (all  shades,  even  ickite,  being 
regarded  as  colours  in  Botany,  to  the  exclusion  of  ijreen,)  there  are  many 
plants  (as  for  instance  those  of  the  Tulip  tribe),  in  which  the  tepaU,  or 
leaflets  of  the  calys,  are  as  brightly  coloured  as  the  petaU  or  leaflets  of  the 
corolla;  or,  at  most,  have  only  a  greenish  tint  externally.  The  sepals 
of  the  calys  are  often  found  uniting  together  at  their  edges  so  as  to  form 
a  cup ;  and  the  petals,  though  more  frequently  distinct,  are  not  by  any 
means  free  from  hahihty  to  a  similar  adhesion.  This  may  take  place 
wholly,  so  as  to  form  a  complete  cup  or  tube  ;  or  partially,  so  as  to  leave 
the  evidence  of  their  original  separation.  The  forms  which  both  calyx  and 
corolla  assume,  are  very  much  diversified ;  and  frequently  the  regidarity 
and  distinctness  of  their  parts  seem  altogether  lost.  It  will  seldom,  how- 
ever, be  difficult  to  discover  their  real  characters  ;  since  intermediate  forms 
are  almost  always  to  be  detected,  which  estabhsh  the  true  analogies  of 
their  parts.  In  this  manner,  too,  it  may  be  shown  that  both  sepals  and 
petals  are  but  modifications  of  the  same  elements  of  which  leaves  are 
formed  ;  for,  independently  of  their  conformity  in  idtimat*  structure,  there 
are  many  flowers,  such  as  the  double  Paeouy,  in  which  the  transition  from 
leaf  to  hract,  from  bract  to  sepal,  andfrom  sepal  topetal,  is  almost  imperceptible. 
81.  Within  the  corolla  of  most  flowers  is  seen  a  circle  of  Uttle  yellow 
bodies  mounted  on  long  stalks,  which  are  called  the  stamens.  Each  stamen 
is  formed  of  its  thread-like  stalk  or  flament,  and  the  two-celicd  anther 
which  it  carries.  This  is  seen  in  Fig.  38,  where  a  represents  the  anther- 
lobes  of  the  Lily.     These  eoutaiu  a  quantity  of  little  yellow  grains  termed 
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tillen,  which  have  an  important  office  in  the  reproductive  process  (chap. 
pii.);  and  when  these  are  matHre,  the  anthers  burst,  aomctimea  a[oi))<; 
P^Aeir  length  as  at  a,  sometimes  traasiersely  as  at  6,  sometimes  by  little 
1  cpenings  at  the  eud  termed  pores  as  at  e,  sometimes  by  vahe*  as  at  d. 
vAItliough  it  woiild  seem  strange  to  assert  that  stamens  are  Metamorphosed 
tftves,  yet  the  assertion  is  easily  proved  by  reference  to  such  plants  as  the 
tite  Water  Lily,  where  the  transition  from  the  form  of  the  petal  to  that 
if  the  stamen  is  very  gradual  j  as  well  as  to  the  fact  that,  in  flowers  ren- 
red  double  by  cultivation,  a  part  or  all  of  the  stamens  are  converted  into 
petals.  In  the  centre  of  the  flower  stands  the  organ  termed  the  pUlil  ; 
which,  although  it  fretjiiently  appears  single,  may  be  properly  regarded  as 
made  up  of  separate  parts,  more  or  less  completely  united  together.  Tlie 
pistil  is  composed  of  the  orarium  or  seed-vessel,  at  the  base ;  upon  this  is 
a  column  termed  tie  sli/le,  which  is  cipanded  at  the  top  into  a  fleshy 
surface  called  the  stigma.  The  ovarium  is  composed  of  a  number  of 
carpels  or  divisions,  more  or  less  closely  united  together.  In  Fig.  39  is 
represented  the  pistil  of  a  flower,  in  whicli  the  carpels  remain  disunited, 
each  possessing  its  own  style.  Three  carpets  only  are  seen,  the  other  two 
being  concealed  behind  them,  but  their  styles  are  shown.  The  structure  of 
a  single  carjiel  of  the  double  cherry,  which,  when  cut  across,  exhibits  the 
ovules  or  young  seeds  within  it,  is  shown  at  a.  Fig.  40 ;  and  b  shows  a 
monatroaa  form  of  the  same  part,  which,  with  other  similar  productions, 
proves  that  each  carpel  is  a  modified  leaf.  The  leaflet  here  shown,  pre- 
sents the  appearance  of  a  half-developed  carpel ;  the  midrib  being  pro- 
longed and  dilated,  somewhat  in  the  form  of  a  style  and  stigma ;  and  the 
edges  being  partly  turned  towards  one  another.  Another  form  of  the 
pistil,  in  which  all  the  carpels  with  their  styles  are  completely  united,  is 
shown  in  Fig,  41,  which  is  a  section  of  that  of  the  Vaecinium  amcetaim 
(Whortleheiry).  The  calys,  a,  is  seen  to  have  here  grown  roimd  and 
inclosed  the  ovarium,  b,  as  happens  in  the  Apple  and  many  other  Iruits. 
The  ovules  are  seen  arranged  on  the  central  column  formed  by  Ae  cluster- 
ing together  of  the  inner  edges  of  the  carpels ;  and  the  single  style,  c, 
terminated  by  the  stigma  tf,  is  seen  surmounting  the  ovarium.  At  Fig. 
•12,  is  shown  another  seed-ressel  similarly  enveloped  by  the  calyx  ;  in  this, 
all  the  partitions  formed  by  the  sides  of  the  carpels  (such  as  occur  in  the 
orange)  have  given  way,  and  the  central  column  alone  remains,  round  which 
the  ovules  are  clustered.  In  the  ovarium  of  the  Fiola  tricolor  (Hearts- 
ease), represented  at  Fig.  43,  the  jmrtitions  are  also  obliterated,  but  the 
ovules  are  attached  to  protuberances  in  the  sides  of  the  cavity.  Of  the 
respective  offices  of  these  parts  in  the  fimction  of  Reproduction,  an  account 
will  be  given  under  that  bead  (chap.  xiii).  It  must  he  borne  in  mind, 
however,  that  the  union  of  the  two  sets  of  organs  in  the  same  flower  is  by 
no  means  constant,  although  it  may  be  regarded  as  the  regular  structure. 
Sometimes  (lie  slamcna  and  pistils  are  developed  in  different  flowers  on  the 
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Bame  plant,  which  is  then  said  to  be  iminaenous  ;  when  they  are  borne  %( 
different  inJividiials,  the  species  is  considered  fiiacioug.     It  is  iatcrestiil| 

however,  to  know  that,  in  many  instances  (probably  in  all)  where  there 
b  only  one  system  developed,  the  other  is  present  in  a  rudimentary  state ; 
and  its  evolution  may  frequently  he  produced  by  some  change  in  the  con- 
dition of  the  plant.  It  has  been  said  that  the  difference  of  the  flowers  of 
Esogena  and  Endogens  is  only  marked  by  the  numbers  of  their  reapectivc 
parts.  The  typical  number  which  prevails  in  the  former  class  is  either 
four  or  five,— the  petals,  staznena,  &c.  presenting  themselves  either  in  one 
of  those  numbers,  or  in  some  multiple  of  it;  whilst  the  number  tliree  pre- 
vails, in  the  parts  of  the  flowers  of  Endogens.  It  b  very  common,  how- 
ever, to  meet  with  some  irregularity  in  these  numbers ;  for  there  arc  few 
flowers,  among  Exogens  particularly,  which  have  all  their  parts  arranged 
with  perfect  uniformity. 

82.  Having  thus  given  a  general  description  of  the  structure  of  Flowering 
plants,  and  of  the  peculiarities  of  their  great  divisions,  we  might  proceed  to 
investigate  their  subordinate  groups ;  hut,  although  Botanists  have  sue- 
ceeded  in  combining  individual  plants  into  natural  families,  each  of  which 
contains  the  species  that  are  alUed  to  each  other  in  structure  and  corre- 
spond in  properties,  they  have  not  agreed  upon  the  mode  of  forming 
these  into  larger  groups,  which  shall  he  natural  subdimions  of  the  prininry 
classes.  It  will  he  better,  therefore,  to  leave  the  subject  undiscussed  for 
the  present ;  and  there  b  the  less  objection  to  the  omission,  as  there  do  not 
appear  to  be  any  marked  structural  or  functional  chfferences  in  these  subor- 
dinate groups,  to  which  we  might  subsequently  have  to  refer,  it  should 
be  mentioned,  however,  that  several  orders  of  Exogens  appear  to  be  closely 
allied  to  others  amoug  Endogens,  in  various  particulars  ;  hut  the  transitions 
presented  by  some  particular  groups  to  the  structure  of  the  Cryptogamia 
are  extremely  curious,  and  must  be  noticed  more  m  detail. 

83.  The  Gymnospermte  or  naked-seeded  plants,  are  a  class  of  which 
some  members  have  been  included  amongst  Exogens ;  corresponding  with 
them  in  the  general  structure  and  growth  of  the  stem,  but  exhibiting  the 
reproductive  system  of  flowering  plants  in  its  very  lowest  degree  of  develop- 
ment. The  best-known  order  which  the  class  includes,  is  that  of  the 
Coniff.ra  or  Pine  tribe.  The  lofty  stems  of  these  trees  are  composed  almost 
entirely  of  that  peculiar  form  of  woody  fibre  termed  glandular  (J  30), 
without  perfect  spiral  vessels,  and  with  an  almost  total  absence  of  ducts  of 
all  kinds.  The  organs  of  fructification  are  separated,  and  evolved  in  their 
simplest  form,  for  nothing  like  a  ealj-x  and  corolla  are  present ;  but  the 
ovules  are  situated  upon  the  open  hoUow  of  the  scales  of  the  cone,  which 
are  regarded  aa  ovaria,  and  are  destitute  of  anything  bke  style  and  stigma ; 
and  the  stamens  appear  as  metamorphosed  forms  of  scales  not  very  dis- 
similar. The  connection  between  this  group  and  the  order  Lycopodiactit, 
which  may  be  regarded  as  among  the  highest  of  the  Crj'ptogamia,  is 


sautifijUy  established  by  certain  fossil  Lepidmlendra ;  aiid  it  is  not  impos- 
e  that  other  uo  less  beaudful  transitbiia  may  become  apparent,  when 
e  places  of  various  groups  shtdl  have  hcen  fixed  by  an  enlarged  acquaint- 
!  with  their  structure.  jViiother  order  of  this  class,  the  Cycadacea, 
'  I  the  general  aspect  of  its  members,  and  in  some  particulars  of 
r  structure,  no  small  resemblance  to  the  Palm  tribe  among  Eudogeos. 
4.  The  peculiar  connection  between  Eudogens  and  Cryj)togamia  is 
'  Established,  however,  by  a  gfoup  stilt  more  curious, — that  oi  Rhizanihua. 
~~  i.  Botanist  had  been  asked  hnw  he  could  unite  the  structure  of  flowering 
and  flowerless  plants,  of  Endogens  and  Fungi,  so  as  to  fomi  an  inter- 
mediate family,  he  would  undoubtedly  have  been  much  perplexed ;  hut,  ui 
this  curious  group,  the  hand  of  Nature  jtreacnts  to  us  the  solution  of  the 
problem.  Like  Fungi,  these  plants  are  parasitical  upon  the  roots  and 
stems  of  others ;  and  they  agree  with  that  order  in  their  fleshy  succulent 
texture,  in  their  liuid  colour,  and  often  in  their  putrid  odour  when  decay- 
I  ivg,  as  well  as  in  the  character  of  their  seeds,  which  do  not  appear  to 
\  possess  any  distinct  embryo,  hut  more  to  resemble  a  mass  of  spores. 
Hey  possess,  however,  spiral  vessels ;  and,  from  the  presence  of  distinct 
o^ans  of  fructification  in  their  flowers,  they  must  be  reckoned  as  allied,  at 
least,  to  the  Phanerogamia,  and  especially  to  Endogens.  As  an  illustration 
of  the  characters  of  this  tribe  may  be  mentioned  the  Rq0esia  Arnoldi,  one 
of  the  most  extraordinary  productions  of  the  vegetable  world  (Fig.  44). 
It  was  discovered  in  the  year  18 18,  in  the  interior  of  Sumatra ;  and  it  has 
not  been  found  elsewhere,  except  in  the  adjacent  islands.  The  plant, 
whieh  is  allfioiEer,  (in  tliis  respect  corresponding  with  the  Fungi,  in  which 
the  reproductive  system  is  predominant,  %  94),  grows  upon  tlie  creeping 
roots  or  stems  of  a  species  of  Ciasus,  looking  when  young  like  an  excres- 
cence from  the  atalk  upon  which  it  is  situated.  This  protuberance  is  in 
reality  a  sort  of  leaf-hud,  consisting  of  a  number  of  scales  folded  over  the 
flower,  which  subsequently  bursts  its  cnvelo]>es,  and  grows  to  an  enormous 
aw.  The  petals  of  the  specimen  first  found  were  each  \i  inches  long,  of 
a  very  succulent  and  fleshy  substance,  being  from  a  quarter  to  three  qimrters 
of  an  inch  in  thickness.  When  first  seen,  a  swarm  of  flies  were  hovering 
over  it,  and  seemingly  preparing  to  lay  their  eggs  in  it ;  being  apparently 
deceived  by  its  smell,  which  was  precisely  tliat  of  tainted  beef.  This  cstra- 
ordinary  flower  measured  a  full  yard  across,  the  distance  between  the 
insertions  of  the  opposite  petals  being  12  inches  ;  and  its  weight  was  about 
i.itfas.  When  uuexpanded,  this  vegetable  monster  is  as  large  as  a  middlc- 
Med  cabbage ;  and  it  only  takes  about  three  months  for  its  complete 
fDrmadou. 

85.  Amongst  the  true  Cryptogamia,  tlie  class  which  most  nearly 
approaches  Flowering  plants  is  that  of  the  ferns.  !n  temperate  cbmntes, 
its  members  do  not  elevate  themselves  much  above  the  ground,  and  indeed 
never  present  a  true  vertical  stem ;  that  which  appears  tji  be  such  being 
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really  a  leaf-stalk,  sent  up  from  the  rMzoma,  or  horizontal  stem,  which 
CTeeps  at  or  near  the  surface  of  the  earth.  This  is  well  seen  in  the  Davallia 
Canarienfis,  or  Hare's-foot  fern.  In  tropical  cUmates,  a  true  woody 
is  ofteu  evolved,  which  sometimes  rises  to  the  height  of  forty-five  i 
feet,  aud  is  simnoimted  by  a  magnificent  crown  of  fronds  or  leaves, 
structure  of  this  stem  differs  much  from  that  of  either  Exogena  or  Endogens. 
An  external  view  and  section  of  it  are  seen  at  Fig.  45,  where  it  is  shown  to 
consist  of  thin  plates  of  very  hard  woody  structure,  partially  cohering 
together ;  the  interior  is  usually  hollow,  or  is  filled,  if  solid,  only  with  the 
same  spongy  substance  as  that  which  ties  between  the  woody  plates.  These 
plates  never  increase  in  thickness,  number,  or  quantity,  after  being  once 
formed ;  and  they  appear  to  be  nothing  more  than  the  persistent  leaf-stalks 
of  former  circles  of  leaves,  the  scars  left  by  the  decay  of  which  are  seen  on 
the  exterior.  A  new  circle  is  formed  every  year  at  the  top  of  the  stem, 
which  thus  goes  on  increasing  in  length ;  whilst  the  lower  and  older  part 
of  the  trunk  seems  to  undergo  httle  or  no  cliange,  except,  perhaps,  some 
elongation.  From  this  mode  of  growth,  by  addition  to  the  point  or  ex- 
tremity of  previously-formed  parts,  which  seems  common  to  all  the  Cry] 
togsmia  possessed  of  anything  Uke  a  distinct  axis,  the  term  Acrogi 
has  been  apphed  to  the  members  of  this  division,  for  the  pur|»ose  of  bi 
it  into  contrast  with  Exogens  and  Endogens. 

86.  Ferns  present  no  form  of  fructification  which  has  an  evident  a 
with  flowers ;  but  their  corresponding  organs  are  very  interesting, 
spores,  (commonly  supposed  to  be  the  equivalents  of  the  seeds  of  Phant 
gamia*),  are  contained  in  little  cases  of  very  cmious  structure  termed 
Theca,  which  are  developed  on  some  part  of  the  mider  surface  of  the  leaf, 
being  always  connected  with  its  veins.  Each  thei^a,  in  its  most  perfect 
form,  is  mounted  upon  a  little  stalk,  which  is  continued  round  its  circum- 
terence  in  the  form  of  a  ring ;  and  this,  by  its  elasticity,  separates  the 
divisions  for  the  escape  of  the  spores  when  ripe  (Fig.  4fi).  In  some  species, 
however,  the  theca  is  destitute  hoth  of  a  footstalk  and  of  a  ruig,  and  is 
simply  implanted  on  the  leaf.  The  thecffi  are  usually  arranged  in  clusters, 
termed  iori ;  and  these  are  sometimes  circular  (Pig-  47,  a),  sometimes 
linear,  as  at  b,  and  sometimes  confined  to  the  edge  of  the  leaf.  In  some 
forms  of  this  group,  such  as  the  Ornmnda  regalis,  (or  flowering  fern,  as  it 
has  been  incorrectly  termed,)  which  is  the  handsomest  of  the  British  spe- 
cies, the  sterile  or  lealy  fronds  are  distinct  from  the  fertile  or  spore-bearing 
ones  ;  the  latter  losing  their  leafy  aspect  by  the  contraction  of  their  mar^ns 
aroiuid  the  thecie.  This  distinction  also  esists  in  the  Ophioglostum 
(Adder's  tongue) ;  here  the  thecfe  are  altogether  wanting,  the  spores  being 
inclosed  in  segments  of  the  leaf,  which  are  folded  in  to  embrace  them 
(Fig.  48).  Of  the  Marsileacets,  a  group  which  has  usually  been  considered 
as  one  of  the  orders  of  Ferns,  or  as  allied  to  them,  we  shall  speak  m 

*  Into  their  rcn!  character  we  bJihII  enquire  In  the  proper  pliwe,  g  593. 


icnkrly  at  a  future  time  (5  591*).  Tiie  Lyeopoditicere,  or  Club-Mosa  tribf, 
ppear  inteitRedtate  between  Ferns  niid  Coniferse  on  one  hand,  especially 
rough  their  fossil  allies ;  and  between  Ferns  and  Mosses  on  the  other, 
ley  are  related  to  Cunifene  by  the  structure  of  their  stems,  espeeially 
e  of  tJieir  larger  kinds  ;  and  to  Ferns  in  the  abundance  of  the  annular 
s  contained  in  them,  as  well  as  in  the  characters  of  their  reproductive 
,  about  which  there  is,  however,  some  uncertainty.  Their  general 
^ect  most  resembles  that  of  the  Mosses,  especially  when  the  stems  are 
Keping,  and  the  leaves  imbrieatt^d,  or  folded  over  each  other.  Their  sys- 
a  of  fructification  consists  nf  Tkecrf,  containing  two  kinds  of  reproductive 
idies,  the  relative  offices  of  which  are  not  known.  The  jwwilcry  matter 
^ch  constitutes  one  of  these,  goes  under  the  name  of  vegetftble  sulphur ; 
Bd  from  ita  pecidiar  combustibility  {taking  tire  with  a  flash  when  diffiised 
igh  the  air),  it  is  employed  at  the  theatres,  &c.  for  the  purpose  of 
loducing  artifieial  lightning. 

87.  The  next  group  of  Uryptogamia,  that  of  mosses,  is  as  interestbg 
rora  the  delicacy  and  minuteness  of  the  plants  composing  it,  as  other  tribes 
(the  V^etable  Kingdom  are  fWnn  their  majestic  port,  or  the  wide  exten- 
im  of  their  foliage.  In  them  we  find  no  decided  appearance  of  any  other 
ban  cellular  tissue ;  although  what  may  perhaps  be  considered  rudimentary 
gnns  of  vascular  structure  are  uot  unfre«]uently  seen.  They  never  shoot 
p  woody  stems ;  but  they  still  possess  a  distinct  axis  of  growth,  around 
idiich  their  minute  leaves  are  arranged  with  great  regularity.  These  leaves 
iresent  the  appearance  of  veins,  which  are  not  composed,  however,  of  woody 

fibre  and  vessels,  as  in  the  higher  classes,  but  only  of  a  prolonged  form  of 
cellular  tissue ;  and  their  surfaces  are  not  furnished  with  stomata,  except  in 
a  few  instances.  Their  organs  of  fructification  bear  no  evident  analogy  with 
those  we  have  yet  examined ;  their  structure  is,  however,  very  interesting 
and  beautiful.  The  Iheca,  or  vm,  (Fig.  A'i,  a),  containing  the  spores,  is 
dosed  by  the  operculum,  or  hd,  b.  The  mouth  of  the  urn,  when  the  oper- 
colnm  is  taken  off,  is  found  to  be  surrounded  by  a  delicate  fringe,  c,  termed 
the  perittome ;  this  is  either  single  or  double,  and  freijuently  presents 
colours  of  great  brilliancy.  In  the  centre  of  the  thecal  is  the  columella,  d; 
aroimd  this  are  clustered  the  spores,  which  are  afterwards  to  be  dispersed 
by  the  separation  of  the  parts  of  their  envelope  in  various  ways. 

88.  These  constitute  the  unequivocal  fructifying  organs  of  Mosses  ;  but 
there  are  others  whose  nature  is  not  altogether  understood,  and  which  have 
been  imagined  to  approach  the  anthers  of  flowering  plants  in  function, 
whilst  the  Theea  Itas  been  supposed  to  correspond  with  the  pistil  and 
onrium.  In  the  opinion  of  moat  eminent  Botanists  at  present,  however, 
these  anthers  have  no  relation  in  function  with  the  tlieeie,  but  contain  little 
germs,  which  separate  from  the  parent  plaut,  under  the  form  of  buds  or 
gemmtiles.  There  is  no  doubt  that  these  are  capable  of  mainttuning  an 
independent  existence,  throwing  out  roots  when  they  drop  upon  the  ground. 


and  soon  increasing  into  new  plants.     A  still  more  erident  prOTiaion  i 
multiplication,  by  a  method  of  this  kind,  will  be  seen  in  the  nest  gronp,  1 
Ilepaticte.     In  elegance  and  beauty  of  structure,  Mosses  ai 
by  any  plants  that  grow.    They  have,  at  the  same  time,  a  remarkable  pow 
of  resistiug  injurious  influences  which  wonld  be  fatal  to  the  growth  o 
plants  ;  and  of  preserving  their  vitality,  like  seeds,  when  to  all  appearance 
dead.     Gleditsh  is  stated  to  have  revived  a  moss  which  had  been  dried  for 
a  hundred  years,  by  immersing  it  for  a  few  hours  in  water.     "Where  such 
tenacity  of  lile  exists,  vital  actious  are  usually  excited  by  very  feeble  stimol 
and  we  lind  that  Mosses  can  struggle  Bit  eslsteuce  on  the  most  barren  » 
and  uuder  a  deficiency  of  light  and  heat  which  no  other  plants,  but  tht 
of  the  simplest  organisation,  coidd  sup]>ort.     They  are,  therefore,  i 
the  first  vegetables  which  clothe  the  soil  with  verdure  in  newly-fom 
countries ;  and  they  are  the  last  to  disappear  when  the  atmospher 
to  be  capable  of  nourishing  vegetation. 

89.  Closely  connected  in  many  respects  with  the  Mosses,  is  the  tribe  ^ 
Hepatieif,  or  Lirer-worts,  the  lower  forms  of  which  jwiss  by  no  very  ii 
rupted  gradation  to  the  Lichens.  Some  of  them  differ  but  little  in 
characters  from  Mosses,  except  in  the  mode  in  which  the  tbeca  opens  fl 
liberate  the  spores,  and  in  the  presence  amongst  the  latter  of  elatera^ 
elastic  spiral  tilamenta,  closely  coiled  up,  which  spring  out  suddenly  u 
the  influence  of  moisture,  and  scatter  the  spores  entangled  amongst  them 
to  a  considerable  distance.  Others,  again,  have  no  vertical  axis  of  growth, 
but  extend  horiiontally  into  a  flat  foliaceous  expansion,  which  is  termed  the 
tkalliM;  and  in  some  of  the  lowest  of  these,  the  thecae  are  not  elevated  upon 
footstalks  of  auy  kind,  but  are  imbedded  in  the  substance  of  the  thallus, 
like  the  reproductive  organs  of  Lichens.  Although  their  general  habits  are 
the  same  as  those  of  mosses,  yet  there  are  some  peculiarities  of  structure 
which  have  been  made  the  subject  of  close  examination,  and  have  well  repaid 
the  observation  which  has  been  bestowed  upon  them.  Among  these  a 
very  curious  s/omala  of  Marchantia  polymorpha,  which  will  be  n 
cularly  described  hereafter  (§  496) ;  and  the  beautiful  urns  or  baskets  in 
same  plant,  for  the  evolution  of  the  gemmae  or  buds.  These  appear  to  If 
quite  independent  of  the  special  fructiiying  system ;  and  the  little  bodies" 
(Fig.  50)  which  they  contain,  may  be  seen  to  grow  whilst  still  contained 
within  their  receptacle,  and  even  to  unite  themselves,  as  it  were,  with  the 
parent  plant.  The  study  of  their  development  in  the  hands  of  Mirbel  h 
led  to  some  very  curious  results  (5  219).  The  tbeca  in  this  plant  i 
arranged  upon  the  circumference  of  a  round  peUa,  or  shield,  which  ii 
siderably  elevated  above  the  surface  (Fig.  53).  "The  Liver-worts,  Uke  tl 
allies  the  Mosses,  which  often  appear  to  have  so  suddenly  clothed  a  barren 
heath,  or  overspread  a  dry  wall  wilh  verdure,  have  the  peculiar  property  of 
remaining  in  a  donnant  state  for  a  very  considerable  length  of  time ;  a 
revive  from  their  parched  condition  (as  if  awakened  from  sleep)  o 
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moisture,  to  ftll  their  pristine  beauty,  sprendiiig  nlimatl  their  delicate  li-nf- 
e  espansioDS,  and  their  beautiful  apologies  for  falossotns." 
90.  A  very  citrioiis  little  group  of  plants,  thy  Charareie,  may  next  be 
iioticed ;  although  there  is  much  uueertainty  r-s  to  its  rxnet  place  in  the 
Each  individual  composing  it  is  fonni^l  of  an  assemblage  of  long 
Ituhular  cells  placed  end  to  end  ;  with  a  distinct  central  axis,  arouiiil  which 
e  branches  ore  disposed  at  intervals  with  great  regularity  {Fig.  54).  No 
?  of  VBseular  structure  can  lie  detected  in  them ;  and,  as  far  as  their 
iirgans  of  nutrition  alone  are  concerned,  they  would  seem  almost  on  a  level 
liith  the  simplest  cellular  plants,  and  especially  the  Confervre  (§  100)  to 
rhose  structure  they  bear  a  great  resemblance.  In  one  of  the  genera, 
tiitefla,  the  stem  aud  branches  are  simple  cells,  which  sometimes  attain 
Bic  length  of  several  inches  ;  whilst  in  the  true  CAani,  each  central  tulie  is 
rounded  by  an  envelope  of  smaller  ones.  Some  species  have  the  power 
if  secreting  carbonate  of  lime  from  the  water  in  which  they  grow,  if  this  be 
It  all  impregnated  with  calcareous  matter ;  and,  by  the  deposition  of  it 
leueath  their  tegument,  they  have  gained  their  popular  name  of  Stime- 
iortt.  The  peculiar  circuUtiun  of  nutritious  fluid  within  these  tubes,  to 
jrhich  so  much  attention  has  recently  been  paid,  will  be  described  in  its 
|>propmte  place  (§  4()r>).  It  is  in  tlieir  organs  of  friictiti cation,  liowever, 
■fiiat  the  Characes  seem  to  rank  above  those  tribes,  with  which  the  very 
fflmple  structure  of  their  other  parts  would  cause  them  to  be  associated.  As 
the  true  character  of  these  organs  has  not  yet,  however,  been  clearly  ascer- 
tuned,  it  is  not  desirable  to  enter  here  into  b  description  of  them. 

The  characters  of  the  three  lowest  groups  of  Cryptogamia,  the 
HDNOi,  LICHENS,  and  alg^,  ajiproximatc  so  closely  to  each  other,  that  it 
t  not  easy  to  define  them,  by  reference  to  their  structure  alone.  They 
entirely  composed  of  celhdar  tissue ;  and  in  the  evolution  of  their 
(productive  system,  they  hardly  seem  to  differ  essentidly.  In  fact,  the 
t  trihcB  of  each  pass  into  one  another  by  almost  insensible  gradations. 
The  peculiar  character  of  the  FrNCii,  or  Mushroom  tribe,  consists  in  their 
habitation,  which  is  always  u])an  dead  or  decaying  organised  matter ;  and  in 
the  predominance  of  their  reproductive  system, — no  tkallva  or  foliaceons 
expousloii  ever  existing  independently  of  the  part  which  bears  the  spores. 
The  i,iCHeNS  grow  upon  living  vegetables,  earth,  or  stones,  in  situations 
where  they  are  fully  exposed  to  light,  and  are  not  abundantly  supplied  with 
istare;  the  tendency  in  them  is  to  the  formation  of  i^thallus,  of  which 
I  upper  surface  usually  presents  itself  as  a  hard  dry  crust ;  whilst  in 
1  parts  of  it,  atei,  or  tubes  containing  spores,  are  united  into  »huli/«, 
Fbieli  are  distinct  ti-am  the  remainder  of  the  expansion,  ff  Lichens  are 
moved  from  the  influence  of  light,  and  are  over-supplied  with  moisture, 
bey  then  show  a  tendency  to  the  extension  of  the  vegetative  or  foliaceous 
jortion  of  the  thalius,  and  to  the  non-produi-timi  of  the  fruit.  This  is  what 
■s  in  Ai.G-«  or  sea-weeds,  which  arc  all  inhabitants  of  water,  aud  which 


are  scarcely  (listinguishable  by  any  other  positive  character  from  Fungi 
liichens,  than  by  the  predominance  of  their  nutritive  system 
reproductive  organs.  All,  however,  meet  in  such  simple  forms  of  vegetal 
as  the  Protococcus  mvalis  or  Red  Snow  (Fig.  59),  the  Palmella  eruenta 
gory  dew,  the  Nosloc  or  fallen  atar ;  these  consist  of  simple  Bggregations 
vesicles  without  any  definite  arrangement,  sometimea  united,  but  capable 
of  existing  separately ;  aud  by  their  own  rupture,  they  give  independent 
existence  to  the  rudiments  of  new  individuals  contained  within  them.  By 
some  they  have  been  placed  among  the  Alga,  by  some  termed  Fungi,  and 
by  others  Lichens ;  the  real  truth  appears  to  be  that,  in  beings  of  such 
simplicity,  there  are  no  definite  characters,  by  which  their  affinity  to  oue 
group  or  another  is  particularly  indicated ;  and  that  they  are  to  he  regarded 
rather  as  tJie  sketches  or  rudimentary  forms  of  more  perfect  structures. 
It  does  not  seem  an  improbable  conclusion  from  certain  observed  facta,  that 
the  same  germ,  among  these  lower  Cryptogamia,  may  assume  several  foi 
usually  regarded  as  distinct,  according  to  die  circumstances  under  which, 
is  developed  {§  94). 

02.  The  tissue  of  the  fungi  is  generally  sofl  and  succulent,  and 
duration  transient.  These  plants  are  almost  always  found  growing  npon 
dead  or  decaying  animal  or  vegetable  substances  ;  and,  where  they  appear 
unequivocally  upon  living  bodies,  there  is  much  reason  to  believe  that 
they  are  generally  the  indications  of  a  state  of  previous  disease,  which, 
by  the  unhealthy  nutrition  of  the  tissues,  has  prepared  a  similar  nidw 
for  their  development.  In  their  simplest  form  they  are  little  jointed 
filaments,  composed  of  cellules  laid  end  to  end,  or  collected  in  a  mass 
under  the  cuticle  of  leaves  or  other  parts ;  such  are  all  the  varieties  of 
Mould,  Mildew,  &c.  In  some  of  these  tlie  joints  separate,  and  each 
appears  capable  of  reproduction  ;  in  others  the  cellules  which  contain  the 
rudiments  of  the  new  plants  are  collected  at  one  extremity,  whilst  the 
others  ser\*e  as  a  stalk  (Fig.  56)  ;  and  in  the  higher  forms  of  this  group, 
these  fertile  cells  are  collected  within  a  special  membranous  enyclope. 
Other  Fungi,  again,  have  a  more  determinate  figure,  usually  rounded: 
and  in  their  substance  the  spomles  either  lie  loosely  mnsed  with  filaments, 
as  in  the  Lycoperrfom  or  puff-balls,  or  are  contained  in  membranous  tul 
Uke  the  asci  of  Lichens.  In  their  most  complete  state,  e 
the  Agaric  or  Mushroom  tribe,  there  is  a  distinct  stem  or  asis  evoh 
which  separates  the  reproductive  apparatus  contained  in  the^iV( 
from  the  nutritive  or  absorbent  system  of  the  root ;  in  these,  the  spores 
are  contained  in  tubes,  imbedded  in  the  hymeiiivm  or  fructifying  mem- 
brane, that  constitutes  what  are  termed  the  lumiuiB  or  gills,  on  the 
sur&ce  of  the  pileus  (Fig.  f)").  Thus,  a  progressive  complication  o 
may  be  observed,  without  any  alteration  of  the  original  characters 
simpler  members  of  the  group, 

93.    The  Fungi  spring  up  witJi  extraordinary  rapidily,  otYen  actjuii 
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s  at'  mauj  cubic  iuchea  m  a  single  night ;  and  they  are  com- 
r  obaer?ed  to  ^pear  suddenly  after  thnnder-atorms  or  some  other 
c  changes.  From  these  circumstances,  and  trotn  the  remarkable 
y  of  their  appearance  upon  decaying  organised  matter,  wherever  it 
my  hare  been  disposed  to  tjui^atiou  the  development  of  Fungi  from 
t  germs,  and  to  imagine  lliat  they  are  generatiJ  by  the  processes 
e  antecedent  to  their  manifestation,  il  is  stated  in  support  of  this 
ne,  that  it  is  possible  to  increase  particidar  species  with  certainty,  by 
xture  of  organic  and  inorganic  matter  to  atmospheric 
changes,  as  iu  the  process  adopted  bv  gardeners  for  raising  tlie  edible 
Mushroom  ;  and  that  parlicidar  species  of  [lorasitic  fungi  are  conlined  to 
the  leaves  and  other  parts  of  particular  pknts.  It  certaiuly  is  not  easy  to 
answer  the  questions  which  thence  arise,  why  no  kind  of  fungus  hnt  the 
jfyariau  eampeilris  should  arise  ujiou  the  MMfmomspatca,  as  it  is 
tenned ; — why  no  Puccinia  hut  tJie  Pueeima  rota  should  be  found  upon 
rosc-bnshcs ;— why  the  Ontjgena  exiffva  shonld  never  be  seen  but  upon  the 
boof  of  a  dead  horse,  and  the /«an'ay«/i«0  nowhere  but  upon  the  dung  of 
cats  deposited  in  humid  and  obscure  hollows ; — and  so  on.  As  this  is  one  of 
e  most  interesting  enquiries  in  Vegetable  Phvsiology,  and  lias  an  important 

g  upon  general  science,  we  shall  examine  it  a  httlc  more  in  detail. 
94.    In  the  first  place,  then,  it  may  easily  be  proved,  that,  in  all  the 
e  Fungi,  the  reproductive  system  is  developed  to  such  an  extraordinary 
^t,  that  the  nmnber  of  germs  liberated  from  a  single  plant  almost 
I  iefies  ealeuhktion.     Of  this  any  one  may  convince  lumself  by  examining 
>  puff-ball  in  a  state  of  maturity.     On  this  subject  Fries  states.  "  The 
qKmdes  ue  so  infinite  (in  a  single  individual  of  Reficularia  maxima  I 
have  CDonted  above  10,000,000),  so  subtle  (they  are  scarcely  visible  to 
the  naked  eye,  and  often  resemble  thin  smoke),  so  light  (raised,  perhaps, 
l>y  ervaporalion  into  the  atmosphere),  and  are  dispersed  in  so  many  ways, 
(by  tlie  attraction  of  the  sun.  by  insects,  wind,  elasticity,  &e.},  that  it  is 
fidiKcuU  to  conceive  a  place  from  which  they  can  be  esciuded."     Accord- 
r  to  this  view,  then,  the  germs  of  all  kinds  of  Fungi  are  constantly 
n  the  atmosphere  \    and  one  species  or  another  devebpes  itself, 
Moonling  as  the  nature  of  the  decomposing  matter  is  respectively  adapted 
to  each.     It  is  impossible  to  deny  that  this  may  be  the  case,  however 
iinpn>bid>le  it  may  seem  ;    there  are,  however,  some  other  circumstances 
to  be  taken  into  accoimt,  which  may  lead  us  lo  sjlopt  the  opinion  in  a 
somewhat  modified  form.      A  series  of  fuels  equally  important  with  those 
just  aOnded  to,  have  lately  been  brought  to  light  by  the  researches  of 
OrvptJ^amisis ;   for  it  is  maintained,  apparently  on  good  grounds,  that 
the  same  germ  may  assume  widely  different  forms,  according  to  the  cir- 
cumstances which  influence  its  development.    Thus,  Fries  asserts  that,  out 
_(rf  the  different  states  of  one  species  (ThHepKora  anlphureaj,  more  than 
^t  distinct  f/enera  have  been  constructed  by  various  authors  i  and  it  has 


been  recently  shown  by  Professor  Henslow,  that  the  Rust  of  com  (Ure 
rubigo)  is  only  an  earher  fonn  of  the  Mildew  (Pucdnia  gntmiiiis)  ;  the  o 
form  being  capable  of  development  into  the  other,  and  the  fructification 
characteristic  of  the  two  supposed  genera,  having  been  produced  from  the 
same  individual.*  It  woiild  seem,  then,  tliat  the  absolute  number  of 
species  among  the  Funp  is  not  nearly  so  great  as  has  been  usually  sup- 
posed ;  and  that  the  kind  produced  by  a  decomposing  infusion,  or  a  bed 
of  decaying  solid  matter,  will  depend  as  much  upon  the  influence  of  the 
material  employed,  as  upon  the  germ  itself  which  is  the  subject  of  it.  An 
experimental  confirmation  of  this  view  has  been  aflorded  by  the  enquiries 
of  Dutrochet  ;f  who  has  ascertained  that  a  simple  solution  of  albumen  in 
distilled  water  may  he  kept  for  a  year  without  giving  rise  to  any  fui^id 
production  ;  and  that  portions  of  such  productions,  introduced  from  with- 
out, do  not  extend  in  it.  But,  if  the  solution  be  acidulated,  a  species  of 
the  genus  MoniHa  very  shortly  appears ;  whilst  if  a  small  quantity  a 
alkali  be  added,  &VmA  at  Botnjtis  developes  itself.  £ut,  on  the  ( 
hand,  a  solution  of  fibrin  with  alkah  produced  Monilia ;  and  water  d 
tilled  over  lettuce,  and  acididated  with  phosphoric  acid,  gave  i 
Botrytis ;  so  that  the  form  which  the  fungous  vegetation  assumed  was  HJ 
due  to  the  direct  influence  of  acids  and  alkalies  respectively. 
Pungi,  when  growing  in  water,  present  a  very  eon/ervoitl  aspect,  their  ol 
being  elongated,  and  their  branches  spreading  without  fructification  t 
great  extent ;  so  that  even  experienced  Mycologists  have  been  deceiveda 
to  their  nature. t 

95.  Another  very  important  enquiry  has  lately  been  suggested  ;  namelj, 
whether  all  the  fungoid  growths  on  the  surface  of  bting  plants  are  really 
such,  or  whether  they  may  be  regarded  as  degenerations  of  the  tissue  upon 
which  they  are  found.  Unger,  a  German  botanist,  has  argued  with  con- 
siderable ingennity,§  that  the  appearances  termed  bhght,  mildew,  smut, 
&c.  or  more  technically  Vredo,  (EHdium,  Fvecinia,  ^c.  are  to  be  considered 
as  the  Exanthemata  (eruptive  fevers),  of  vegetables,  being  esscntiallv 
diseases  of  the  stomata.  He  points  ont  that  they  are  most  liable  to  occnr 
on  those  portions  of  plants  where  vegetation  is  most  active,  as  on  the  green 
parts  in  general,  and  on  the  leaves  in  particular  ;  and  he  remarks  that,  on 
the  surface  of  the  healthy  bark,  we  find  either  more  perfect  Cryptogamia 
or  Phanerogamic  parasites.  The  celliUar  parasites  evidently  flourish  best 
when  the  hark  is  approaching  decay ;  and  it  may  be  often  remarked  on 
an  old  tree,  that,  whilst  the  stem  and  principal  branches  are  covered  bv 
mosses  and  hchens,  these  diminish  and  disap]jear  as  we  advance  towards 

•  Annals  of  Natural  Miatorj,  vol.  vi.  p.  379. 
t  Memoirea  Anst.  et  Physiol.,  tome  n.  chap.  xvij. 

•  See  a  Paper  by  Ihe  Rev.   M.  J.  Berkeley,  '-On  a  Coufetv 
cliivutuii,"  iu  Ihe  Mna'U'iiiP  of  Zoology  and  BoUiiiy,  vol.  Ji.  \i.  341. 

g  AniiulHt  den  8ci,  Kat.  ISS-I. 
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the  younger  and  fresher  portions.  The  presence  of  these  morhid  appear- 
ances seems  connected  with  that  of  the  stomata ;  and  it  has  heen  sup- 
posed to  be  firom  some  obstruction  to  their  functions,  that  the  exanthemata 
arise.  They  usually  appear  at  the  season  of  the  most  active  vegetation, 
namely,  the  spring  and  early  summer ;  whilst  the  period  of  the  most 
rapid  development  of  the  true  Fungi  appears  to  be  the  autumn  and  the 
commencement  of  winter. 

96.  Admitting,  what  perhaps  it  would  be  difficult  to  controvert,  that 
these  morbid  growths  really  possess  the  characters  of  this  class  (a  statement 
which  is  based,  not  merely  on  external  appearance,  but  on  their  structure, 
chemical  composition,  and  power  of  reproducing  themselves),  still  it 
remains  a  question,  which  we  are  yet  scarcely  in  a  condition  to  answer 
without  reserve,  either  in  one  way  or  the  other,  whether  plants  of  a  high 
d^;ree  of  organisation  are  capable  of  producing,  by  diseased  action,  from 
various  parts  of  their  tissues,  beings  which  present  the  characters  of 
inferior  orders.  However  absurd  some  might  think  it,  to  answer  such 
a  question  in  the  affirmative,  it  is  to  be  recollected  that  all  our  knowledge 
of  the  laws  of  reproduction  is  founded  upon  a  Umited  experience  in  the 
higher  orders  of  the  organised  creation;  and  that,  in  the  extension  of 
these  laws  to  the  inferior  tribes,  very  important  modifications  are  shown 
to  be  necessary.  We  shall  hereafter  see  that  the  function  of  reproduction 
may  be  considered  as  only  a  peculiar  modification  of  that  of  nutrition ; 
and  if  its  regular  performance  leads  to  the  evolution  of  germs,  which, 
when  developed,  resemble  the  parent,  it  is  not  irrational  to  suppose  that 
it  may  be  so  far  perverted,  as  to  give  origin  to  beings  of  simpler  organi- 
sation. To  this  question  we  shall  return  when  speaking  of  the  correspond- 
ing parasites  among  the  Animal  kingdom.  That  these  entophytic  Fungi 
may  be  communicated  ^m  one  plant  to  another,  has  been  fully  ascer- 
tained by  the  experiments  of  Decandolle  and  others.  It  is  usually 
unagined  that  the  germs  Uberated  by  one  plant  are  taken  up  by  the 
roots  of  others,  and  being  carried  along  the  current  of  sap,  are  deposited 
and  developed  in  the  parts  where  vegetation  is  most  active ;  perhaps, 
however,  they  may  find  a  shorter  entrance  into  the  cavities  of  the  fabric, 
by  means  of  the  stomata,  these  being  the  precise  situations  where  they  are 
subsequently  manifested.  Finally,  it  appears  probable  that  many  reputed 
Fungi,  such  as  various  Rhizomorpheae,  are  accidental  and  irregular  expan- 
sions of  the  tissues  of  flowering  plants  which  become  deformed  through 
growing  in  the  dark,  as  in  cellars,  caverns,  &c. 

97.  Animals,  as  well  as  Plants,  are  liable  to  the  growth  of  Fungi  within 
their  bodies.  Individuals  of  a  species  of  Polistes  (the  TFdsp  of  the  West 
Indians)  are  often  seen  flying  about  with  plants  of  their  own  length  project- 
ing from  some  part  of  their  surface  ;  the  germs  of  which  have  been 
introduced,  probably  through  the  breathing  pores  at  their  sides,  and  have 
taken  root  in  their  substance,  so  as  to  produce  a  luxuriant  vegetation.     In 
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time,  honever,  the  Aingous  gronth  sjireada  through  the  body  and  destroys 
the  life  of  the  insect ;  and  it  then  seems  to  grow  more  rapidly, — the 
decomposing  tissue  of  the  dead  hody  being  still  better  adapt(?d  than  the 
living  stnicturo  to  afford  it  nutriment.  A  still  more  curious  example  of 
this  growth  has  recently  been  detected ;  and  the  knowledge  of  it  has 
proved  of  much  practical  importance.  The  Silk-worm  breeders  of  Italy 
and  the  South  of  France,  especially  in  particular  districts,  have  been  sub- 
ject to  considerable  loss  by  a  disease  termed  Muneardine,  which  sometintes 
attacks  the  caterpillars  in  large  numbers,  just  when  about  to  enter  the 
chrysahs  state.  This  disease  has  been  ascertained  to  be  due  to  the 
growth  of  a  minute  Fungus,  nearly  resembling  the  common  mould,  within 
their  bodies.  It  is  capable  of  being  communicated  to  any  individual  irom 
one  already  affected,  by  the  iutroductioUj  beueath  the  akin  of  the  former, 
of  some  particles  of  the  diseased  portion  of  the  latter  ;  and  it  then  spreads 
in  the  fatty  mass  beneath  the  skin,  occasioning  the  destruction  of  this 
tissue,  which  is  very  important  as  a  reservoir  of  nutriment  to  the  animal, 
when  it  is  about  to  pass  into  a  state  of  complete  inaetivity.  The  Funguii 
spreads  hy  the  extension  of  its  own  minute  stems  and  branches  ;  and  also 
by  the  production  of  minute  germs,  which  are  taken  up  by  the  circulating 
blood,  and  carried  to  distant  parts  of  the  hody.  The  dise.ase  invariably 
occasions  the  death  of  the  Silk-worm ;  but  it  seldom  shows  itself  e^t«^ 
naUy  until  afterwards,  when  it  rapidly  shoots  forth  from  beueath  the  skin. 
The  Caterpillar,  Chrysalis,  and  Moth,  are  all  susceptible  of  having  the 
disease  communicated  to  them  by  the  kind  of  inoculation  just  described ; 
but  it  is  only  the  first  which  usually  receives  it  spontaneously.  By  a 
carefid  investigation  of  the  circumstances  which  favour  its  propagation,  the 
breeders  of  Silk-worms  have  been  able  greatly  to  diminish  the  mortality .* 

98.  Another  very  curious  example  of  fungous  vegetation  in  a  situatioD 
where  its  existence  was  uot  until  recently  suspected,  is  presented  in  the 
process  of  fermentation.  It  appears  from  microscopic  examination  of  a 
mass  of  Feast,  that  it  consists  of  a  number  of  minute  disconnected  vesicles, 
which  closely  resemble  those  of  the  Red  Snow  (§  91),  and  appear  to 
constitute  one  of  the  simplest  forms  of  vegetation.  These,  hke  seeds,  may 
remain  for  almost  any  length  of  time  in  an  inactive  condition  without 
losing  their  vitahty ;  but,  when  placed  in  a  fluid  in  which  any  kind  of 
sugary  matter  is  contained,  they  commence  vegetating  actively,  provided 
the  temperature  he  sufficiently  high ;  and  they  assist  in  producing  that 
change  in  the  composition  of  the  fluid,  which  is  known  under  the  name 
of/eniientalioii.f     If  a  small  portion  of  the  fermenting  fluid  be  examined 

■  See  Am.  des  Sci.  Nat.  N.  S.  Ziiol..  lorn.  VMU 

+  Much  diseuBsion  has  taken  place,  as  to  whether  the  vegetation  of  ihc  Ycaal  ptaot 
is  to  be  regarded  as  the  easential  cuiue  orrermcntation.  Some  explain  this  proem  alio- 
eether  on  ehemiail  prindplcs,  and  deny  thnt  the  vegetation  has  any  connecljon  with  it ; 
wliilst  utiiera  asacit  tliat  fermentation  is  entirely  eauscd  by  the  deeomi>asiLion  efTevlcd 
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at  interyals  with  a  powerfiil  microscope^  it  is  observed  that  each  of  the 
httle  yesides  at  first  contained  in  it,  puts  forth  one  or  more  prolongations 
or  buds,  which  in  time  become  new  yesicles  like  their  parents ;  these  again 
perform  the  same  process  ;  so  that,  within  a  few  hours,  the  single  vesicles 
have  developed  themselves  into  rows  of  four,  five,  or  six.  This  is  not  the 
only  way,  however,  in  which  they  multiply ;  for  sometimes  the  vesicles 
are  observed  to  burst,  and  to  emit  a  number  of  minute  granules,  which 
are  the  germs  of  new  plants,  and  which  soon  develope  themselves  into 
additional  cells.  By  the  time  that  five  or  six  vesicles  are  found  in  each 
group,  the  fermentation  is  sufficiently  far  advanced  for  the  purposes  of  the 
brewer  ;  and  he  then  takes  measures  to  check  it,  by  which  the  vegetation 
of  the  yeast  is  suspended.  The  groups  of  vesicles  then  separate  into 
individuals  resembling  those  which  first  constituted  the  yeast ;  and 
thus  a  greatly  increased  amount  of  this  substance  is  the  result  of  the 
process. 

99.  The  hard  persistent  crusts  of  lichens,  which  seem  scarcely  to 
undergo  any  alteration  in  the  lapse  of  many  years,  contrast  forcibly  with 
the  ftigitive  structures  of  the  last  class.  There  can  be  httle  question  that 
the  greater  part  of  this  tribe  derive  their  nourishment  from  the  atmo- 
sphere and  its  contained  moisture  alone ;  flourishing,  as  they  do,  upon 
sterile  rocks,  without  a  particle  of  previously-organised  matter  in  their 
neighbourhood.  There  are  some  species  which  usually  grow  upon  trees, 
without  seeming  to  derive  any  more  nutriment  from  them  than  the 
moisture  of  their  surface ;  since  they  will  flourish  equally  well  on  a 
damp  wall.  There  are  other  species  alUed  to  the  Fungi,  however,  which 
v^tate  on  matter  already  undergoing  decomposition,  or  preparing  to 
decay.  An  attempt  has  been  made  to  prove  that  some  particular  kinds 
of  Lichens  are  confined  to  certain  trees  ;  and  much  has  been  written  on 
their  use  in  distinguishing  the  different  kinds  of  bark,  especially  those  of 
the  Cinchonacese.  It  may  be  doubted,  however,  whether  this  difference 
is  not  principally  due  to  locaUty,  and  to  the  adaptation  of  the  quantity  of 
the  superficial  moisture,  and  of  exposure  to  Ught,  furnished  by  different 
trees,  to  the  wants  of  the  respective  species  of  Lichens ;  since  there  is 

by  the  Fungus,  and  cannot  take  place  without  it.  The  truth  appears  to  lie  between  the 
two  extremes.  The  elements  of  the  saccharine  fluid  are  arranged  in  such  a  manner,  that 
thej  may  be  easily  induced  to  enter  into  new  combinations ;  and  these  may  be  formed 
under  a  great  variety  of  conditions,  several  of  which  are  examples  of  the  ccUcdytic  action 
hereafter  to  be  noticed  (§  202).  The  introduction  of  the  germs  of  the  Yeast  plant  ap- 
pears to  be  the  most  favourable  of  all  conditions  ;  the  fermentation  which  is  occasioned 
by  its  v^etation  being  more  active  and  complete  than  that  which  can  be  produced  in  any 
other  way.  It  appears  to  act  upon  the  fluid  in  the  same  way  as  common  Mould  does 
upon  a  sweet  preserve ;  and  this  action  is  not  very  dissimilar  to  that  of  a  germinating 
seed  upon  the  starch  laid  up  for  it  by  its  parent.  See  on  this  subject  the  Comptes  Rendus 
for  August  20,  1838;  Meyen's  Report  on  Vegetable  Thysiology  for  1837,  p.  83—7; 
and  Liebig^s  Organic  Chemistry,  p.  251  et  seq. 
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no  reason  to  believe  that  they  imbilje  any  of  the  proper  juices  nf 
plants  to  which  they  adhere.  It  is  well  eatablished  that  by  I 
greater  number  vegetate  inilifFerently  on  all  kinds  of  trees,  as  well  I 
upon  rocks  ;  but  there  is  no  doubt  that  some  trees  bear  them  in  mucli 
greater  abundance  than  others.  Thus,  the  Beech,  Elm,  Sycamore,  and 
Lime,  are  comftaratively  seldom  found  infested  with  the  common  beard- 
moss,  which  clothes  so  profusely  the  Fir,  Ash,  Oak,  or  Birch  ;  so  that  the 
poet's  epithet  of  "rude  and  moss-grown  beech"  is  by  no  means  appro- 
priate. The  early  development  of  the  Lichens  is  favoured  by  darkness ; 
but,  for  their  ultimate  perfection,  a  considerable  quantity  of  light  b 
required.  The  development  of  the  shields,  which  is  oecasioned  by  ex- 
posure to  this  agent,  is  frequently  accompanied  by  so  great  a  change  in 
the  genera]  appearance  of  the  plant,  that  the  same  species  growing  in 
dark  and  moist  places,  in  which  the  fructification  was  not  evolved,  hai 
been  considered  to  beloi^  to  a  distinct  genus  from  the  perfect  8|>ecinieii, 
There  seems,  indeed,  from  late  observations,  to  be  nearly  the  same  uneer 
tainty  of  form  among  the  Lichens,  as  prevails  in  the  Fungi ;  the  same 
germs  presenting  many  different  appearances,  according  to  the  mode  and 
degree  of  their  development.  The  sporules  which  arc  developed  from 
the  shields,  appear  capable  of  reproducing  the  characteristic  form  of  the 
species  ;  whilst  the  powdery  matter,  which  is  frequently  produced  in  Lttle 
cup-like  bodies  raised  above  the  surface  of  the  thallus,  as  well  as  the  sepa- 
rated particles  of  the  plant  itself,  appear  capable  of  independent  existence, 
in  various  less  definite  forms  (Fig,  ,'i8). 

100.  "We  now  arrive  at  (hat  which  is  usually  regarded  as  the  lowest 
tribe  of  the  vegetable  creation,  and  some  members  of  which  present  the 
greatest  approximation  to  the  Animal  kingdom.  The  algje  or  Sca-weed» 
are  distinguishable  from  Lichens  and  Fungi,  more  by  their  aquatic  habi- 
tation and  its  consequent  influence  on  their  growth,  than  by  any  dcGmte 
character.  Like  the  Fimgi,  they  present  many  grades  of  oi^nisatioD. 
Thus,  the  Protococeug,*  Palmella,  and  other  species,  which  constitute  the 
greenish  or  reddish  mucous  shmc  that  is  often  seen  on  the  damp  parts  of 
hard  surfaces,  closely  resemble  the  lower  tribes  of  Fungi ;  being  nothing 
hut  an  aggregation  of  soUtary  cells  (each  of  which  may  be  regarded  as  a 

*  There  hii»  li«pn  of  late  a  tendency  amongM  many  Naturalists  to  regard  the  Red  Snow 
as  of  an  Animnl,  not  a  Vegetahle,  character.  By  one  il  has  been  stated  to  consfM  of  the 
ova  of  a  Wheel-Animalenla  which  ahounded  upon  il.  More  recently  it  has  been  said  to 
be  a  upecioi  of  Infusory  AnlmalL-ulc ;  and  definite  movements  arc  described  as  hsTing 
been  wltneved  in  it  (Ann.  of  Nat.  ilisL  Jane,  1II4I).  From  his  own  enumination  of* 
sptL-imen  of  thia  Bubslaiiue,  however,  ai  well  us  from  the  teatimony  of  others,  the  AuUku 
ii  utill  di>po«cd  to  regard  the  Bed  Siiotr  as  chiefly  consiBting  of  the  nmple  VegelaUe 
dcBcribcd  under  the  nama  of  Froloeoccua,  Ihe  nature  of  which  \a  port'eetly  conformable  to 
that  of  other  simple  Ctyptogamic  Plant  a  ;  and  to  conaider  as  amidenta!  admiitufe*,  pro- 
hnbly  mote  ahundant  in  eume  spola  thnn  in  others,  the  Animalcules  of  which  it  has  been 
laid  lo  bv  fuDipOBwl,  and  "hith  probably  acquire  lieii  tingo  by  feeding  upon  it. 


VEGETABLE    KINGDOM. ALGiE.  11 

distinct  individual),  in  the  midst  of  a  semi-fluid  matter,  which  partly  or 
wholly  envelopes  them  (Fig.  59).      Proceeding  a  little  higher,  we  find 
these  united  into  filaments,  hut  still  preserving  the  power  of  separation, 
as  in  the  Diatoma  tenue  (Fig.  60)  ;   and  higher  still  are  the  true  Con- 
ferv€e,  in  which  the  vesicles  are  permanently  united,  and  enveloped  in  a 
common  membrane  (Fig.  61).     It  is  in  this  section,  that  we  find  some 
of  the   most  remarkahle  instances  of  spontaneous  motion,  occurring  in 
the  fiilly  developed  plant.     The  Oscillatorite  exhibit  very  uniform  and 
evident  vibrations  ;   the  FragUlaruBj  to  which  the  Diatoma  belongs,  have 
no  apparent  motion  as  long  as  the  riband-like  threads  remain  entire,  but 
separate  with  a  sort  of  starting  movement ;   and  many  other  instances 
might  be  mentioned.     The  more  complete  Algse,  or  Sea-weeds  properly 
so  called,  assume  very  definite  forms,  the  cellular  tissue  which  composes 
t}iem  being  arranged  with  great  regularity ;   and  they  sometimes  attain 
an  enormous  extent  of  development,  forming  vast  submarine  forests  of 
the  most  luxuriant  vegetation.     Thus,  the  Chorda  filum,  a  species  common 
in  the  North  Sea,  is  frequently  found  of  the  length  of  thirty  or  forty  feet ; 
and,  in  the  neighbourhood  of  the  Orkneys,  it  forms  meadows  through 
which  a  boat  forces  its  way  with  difficulty.     This  is  nothing,  however,  to 
the  size  of  the  prodigious  Macrocystis  pyriferay  which  is  reported  to  be 
from  500  to  1,500  feet  in  length  ;   the  long  and  narrow  leaves  having  an 
air-vesicle  at  the  base  of  each,  the  stem  not  being  thicker  than  the  finger, 
and  the  upper  branches  as  slender  as  common  packthread.     This  deve- 
lopment of  the  nutritive  surface  takes  place  at  the  expense  of  the  fructi- 
fying apparatus,  which  is  here  quite  subordinate  ;   its  structure  will  be 
detailed  hereafter. 

101.  Algse  pass  into  Lichens  by  the  Lichenoid  species  of  the  former, 
which  vegetate  on  rocks  occasionally  submerged  by  the  tide.  These  two 
orders,  so  closely  resembling  one  another  in  every  character  but  their 
locality,  may  in  a  philosophical  arrangement  be  classed  together  under  the 
term  of  Protophyta  or  simplest  plants ;  whilst  the  Fungi,  which  are 
separated  by  their  habitation,  reproductive  system,  and  other  pecuharities, 
constitute  a  distinct  group.  It  is  to  be  noticed  with  regard  to  the  last- 
named  order,  that,  though  they  approach  more  nearly  to  the  Animal  king- 
dom in  chemical  composition  than  any  other  tribe  of  Plants,  they  present 
few  instances  of  that  power  of  spontaneous  motion,  which  is  so  remarkable 
a  characteristic  of  several  Algse.  Much  difficulty  has  naturally  arisen  from 
this  tendency,  in  drawing  the  line  between  the  two  kingdoms  ;  since  it  is 
in  many  instances  impossible  to  determine  the  precise  character  of  the 
motions  perceived,  and  structure  often  affords  no  definite  and  satisfactory 
information.  There  are,  therefore,  many  tribes  whose  place  in  the  scale 
has  not  yet  been  determined.  This  is  the  case,  for  example,  with  the 
Diatomese  and  other  articulated  Algse,  which  have  been  recently  asserted 
by  many  naturalists  to  belong  to  the  Animal  kingdom.     It  is  curious  that 


earthy  matter  ia  so  completely  inmrporated  with  tlieir  cells,  as  to  retain 
the  perfect  form  of  the  species,  after  the  organic  structure  has  been  com- 
pletely destroyed  by  beat.  In  this  respect,  the  Dtatomete  certainly  bear  a 
close  resemblance  to  the  Naeicuke  and  other  tribes  of  Animalcules  ($  1 47) ; 
but  no  l\irther  correspondence  between  the  structure  of  these  two  curiom 
groups  has  been  distinctly  shown. 

102.  The  affinities  of  the  principal  divisions  of  the  Ve^table  Eiitgii 
may  be  generally  expressed  in  the  following  manner : — 
O     ExoGENH Endogens. 


—Protophyta . — Fv  ngi . 


Starting  from  the  simplest  Algee  and  Lichens,  we  may  pass,  on  one  ■ 
through  the  Hepaticte  and  Mosses,  to  the  Ferns,  the  highest  among  I 
Acrogens  or  Cryptogamia.  From  Mosses  and  Ferns  the  transition  !* 
easy  to  Exogens,  through  Lycopodiaceee  and  Gymnos|iermK.  Exogeus 
and  Endogens  have  many  connecting  links ;  and  from  t!ie  Utter  group, 
the  return  it  the  Fungi  is  direct  by  the  Rtuzantheee  ;  whilst  the  simplest 
forms  of  tbe  Fungi  bring  us  bsck  again  to  the  Protophyta. 

W\.— Animal  Kingdom. 
103.  A  similar  cursory  yiew  of  the  Animal  Kingdom  will  now  he  taken, 
with  the  object  not  only  of  furnishing  a  key  to  subsequent  descriptions,  Irat 
also  of  pointing  out  the  very  curious  Uuka  of  affinity,  by  which  the  respec- 
tive groups  are  connected,  and  which  demonstrate  in  so  erident  a  manner 
the  Unity  of  the  Design  with  which  the  whole  system  was  constnictcd- 
The  following  passage,  Irom  the  writings  of  a  distinguished  Zoologist, 
seems  peculiarly  apphcable  as  an  introduction  to  this  subject.  "  No  one 
who  believes  in  the  existence  of  an  Omnipotent  Creator,  can  suppose  for 
a  moment,  that  the  innumerable  beings  which  He  has  created  were  formed 
without  a  plan.  li'aii  architect  sat  down  and  made  innumerable  models 
of  cornices,  entablatures,  columns,  friezes,  and  all  those  ornaments  used  in 
a  stately  building,  yet  without  any  design  of  subsequently  combining  them, 
we  shoidd  naturally  say,  however  much  we  might  admire  the  parts,  thai 
his  work  was  imperfect.  Let  us  apply  this  reasoning  to  the  Creation : 
however  perfect  an  animal  may  he  ia  its  structure,  it  would  still  only  re- 
semble one  of  the  ornaments  we  have  just  alluded  to.  It  is  beautiiul  iu 
itself ;  but  it  ia  only  when  we  attain  some  glimpse  of  the  station  it  occupies 
with  its  fellows,  and  of  the  manner  iu  which  it  is  combined  into  one  great 
wknie,  that  we  see  this  beauty  in  its  true  light.     No  rational  being  cau 
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therefore  suppose  that  the  great  Architect  of  the  world  has  created  its  in- 
hahitants  without  a  plan."  * 

104.  Now,  to  discover  this  plan, — hy  ascertaining  the  laws  hy  which 
such  infinite  yariety  of  form  is  comhined  with  such   general   uniform- 
ity of  structure, — is  the  object  of  the  researches  of  the  Naturalist  (§  7). 
It  is  obvious  that  it  would  be  useless  to  look  for  their  attainment  in  any 
process,  which  does  not  include  a  very  comprehensive  survey  of  the  whole 
Animal  kingdom,  and  which  does  not  found  its  arrangements  upon  a  ge- 
neral view  of  the  structure  and  functions  of  each  group,  rather  than  upon 
any  individual  peculiarities.     From  the  more  intimate  relation,  however, 
which  subnsts  between  the  different  functions  of  Animals,  than  amongst 
those  of  Plants,  it  will  often  happen  that  a  classification  which  is  really 
artificial  (§  74),  because  based  on  the  indications  afforded  by  a  single  cha- 
racter, may  be  also  natural.     Thus,  the  division  of  the  Mammalia  by 
linnseus,  into  Orders  founded  upon  the  arrangement  of  the  teeth,  was 
reaUy  a  most  natural  one  ;  because  the  adaptation  of  the  teeth  to  the  car- 
nivorous, herbivorous,  insectivorous,  or  omnivorous  habits  of  the  animal, 
and  to  the  several  varieties  of  these,  is  necessarily  accompanied  by  an 
adaptation  of  their  general  structure  to  their  respective    methods    of 
obtaining  their  food,  and  of  converting  it  to  the  purposes  of  nutrition. 
Again,  it   may  happen  that  some    particular  external    character   is    so 
constantly  associated  with    certain    peculiarities    of  internal   conforma- 
tion, that  from    the    appearance    of  the   one    we    may  predicate    the 
existence  of  the  other,  although  no  essential  or  necessary  connection  be- 
tween them  can  be  discerned.     Thus  a  Naturalist,  on  hearing  that  a  par- 
ticular specimen  is  supported  on  two  legs   only,   and  is  covered  with 
feathers,  at  once  knows  that  it  is  a  Vertebrated  animal,  possessed  of  warm 
blood,  a  complete  double  circulation,  highly-developed  lungs,  compUcated 
digestive  apparatus,  oviparous  in  its  reproduction,  destitute  of  teeth  but 
furnished  with  a  homy  bill — in  short  presenting  all  the  characters  peculiar 
to  the  class  of  Birds.     But  this  knowledge  is  simply  the  result  of  his 
experience,  that  no  animal  possessing  different  internal  structure  is  ever 
covered  with  feathers ;  and  he  cannot  assign  any  direct  reason  for  this  in- 
variable connection.     When,  however,  the  habits  of  the  animal  are  taken 
into  account,  the  structure  of  the  feathers  may,  to  an  acute  Ornithologist, 
be  a  pretty  certain  indication  of  the  place  of  an  unknown  bird  in  the  scale ; 
for  he  can  judge  from  their  pecuHarities  whether  it  belong  to  a  family  re- 
markable  for  its   strong  and  rapid,  or  its   slow  and  heavy  flight ;    or 
whether,  as  in  the  case  of  the  Ostrich  tribe,  the  wings  are  altogether  un- 
developed.    In  the  former  case  the  possession  of  feathers  is  a  character 
altogether  artificial ;  whilst  in  the  latter,  their  conformation  has  an  evident 
bearing  on  the  general  peculiarities  of  the  species,  and  must  therefore  be 
admitted  as  of  importance  in  a  natural  classification ;  since  it  is  obviously 

*  SwainBon  on  the  Geography  and  Classification  of  Animals,  p.  319. 
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desirable,  for  the  practical  employment  of  any  systein  whatever,  tbat  ils 
divisions  should  he  indicated  hy  easily-recognised  external  marks,  although 
they  can  ouly  he  founded  upon  a  fiill  comparison  of  internal  structure. 

105.  Another  character  which  may  appear  artificial,  but  which  is  in 
reabty  a  very  natural  one  (since  it  ia  necessarily  connected  with  a  very 
important  modification  of  internal  structure),  is  that  which  distinguishes 
the  animals  of  the  Cetaceous  order  (whale  tribe)  of  Mammalia,  from  the 
Fishes  which  they  so  niuch  resemble  iu  external  form ;— uamely,  the 
horizontal  flattening  of  the  tail  in  one,  and  its  vertical  expansion  in  the 
other.  This  difteience  is  closely  related  to  the  internal  structure  of  the 
respective  beings  ;  for  the  Whale,  being  an  air-breathing  animal,  requires 
the  means  of  rapidly  bringing  itself  to  the  surface,  which  it  is  frequently 
compelled  to  visit ;  and  this  is  most  readily  accomplished  by  the 
vertical  stroke  of  bis  AorizoM(a//y-flattened  tail ;— whilst  the  Fish,  which  has 
no  such  want,  but  which  requires  the  power  of  rapid  propulsion  through 
the  water  in  search  of  food,  makes  its  wav  directly  forwards  by  the  lateral 
strokes  of  the  vertical  fin-like  expansion  which  terminates  the  body,  aawell 
as  (in  many  Instances)  by  the  undulation  of  the  body  itself.  It  ia  the  ob- 
ject of  the  Naturalist,  then,  to  discover  what  pecuHarities  of  externa!  con- 
formation are  ponsfanfiij  associated  with  differences  in  internal  conforma- 
tion, whether  or  not  he  can  discern  the  objects  of  their  connection ;  in 
order  that  he  may  not  be  obliged  to  examine  the  latter,  in  every  case  in 
which  a  classification,  already  formed,  is  brought  into  use.  It  must  be 
kept  in  mind,  however,  that  no  truly  natural  system  can  be  establisbed, 
which  does  not  embrace  all  the  peculiarities  of  internal  conformation  which 
anatomical  research  can  discover ;  since  the  most  important  affinities  or 
differences  may  there  be  detected,  which  are  not  indicated  in  the  slightest 
degree  by  external  characters. 

106.  The  Animal  kingdom  was  formerly  divided  into  two  primary 
groups;  the  Vertbbrata,  possessing  a  jointed  spinal  column,  within 
which  a  principal  portion  of  the  nervous  system  is  inclosed  ;  and  the  !n- 
VERTEBRATA,  which  are  destitute  of  any  such  structure.  The  first  divi- 
sion included  only  Mammaha,  Birds,  Reptiles,  and  Fishes ;  the  second 
comprehended  all  the  Insect  and  Vermiform  tribes,  the  Mollusca  or  Shell- 
fish, as  well  as  the  lowest  and  simplest  of  the  Animal  creation.  But  it  is 
now  generally  acknowledged  that  this  method  is  hy  no  means  a  natural 
one  i  suice  the  Invertehrata  contain  at  least  three  and  perhaps  four  groups, 
differing  as  much  from  each  other  as  that  of  Vertebrata  does  from  either 
of  them,  and  therefore  entitled  to  hold  the  same  rank  with  the  latter.  The 
prunary  groups  or  sub-kingdoms,  are,  therefore,  to  be  regarded  as  consis^ 
ing  of — I.  Vertebrata,  which  are  characterised,  as  before  mentioned,  by 
the  possession  of  an  internal  bony  column,  composed  of  jointed  pieces  or 
vertebrie,  within  which,  or  their  modifications,  the  central  organs  of  the 
nervous  system  are  inclosed ;  to  this  cohmm  all  the  other  bones  in  tlii' 
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otiy  are  more  or  less  directly  attached ;  and  these  are  covered  by  soft 

'  I,  which  partly  conasts  of  the  inuBcles  by  which  they  are  moved.     Of 

I  animals,    their  structure  is  most  compUcated ;    they  all  possess  the 

r  of  active  locomotion,  which  is  usually  effected  by  members  or  limbs, 

ipported  by  bony  projections  of  the  vertebral  column,  and  never  exceeding 

r  in  number ;  and  nearly  all  enjoy  the  senses  of  taste,  smell,  sight,  and 

s  well  as  that  of  touch.     lu  some  the  blood  is  warm,  in  others 

in  all  it  is  of  a  red  colour.     These  characteristic  pecidiarities 

'vndei^  various  modifications  among  the  lower  forms  of  this  group,  by 
which  the  affinities  to  the  other  types  are  indicated. — II.  Annulosa  or 
ARTicri.ATA,  animals  in  which  the  hard  parts  or  skeletoa  are  exterual, 
and  formed  into  jointed  rings.  This  b  the  character  of  a  large  number  of 
classes  included  in  this  division,  which  present,  with  much  difference  in 
coroplexitv,  a  very  general  conformity  of  structure.  Thus,  from  the  soft 
and  simple  Vermiform  tribes,  such  as  the  Leech  or  Earthworm,  we  pass  by 
tlinost  insensible  gradations  to  the  Centipede,  and  from  this,  to  the  highly 
oi^BDised  Insects  and  Crustacea.  Although  some  of  the  animals  con- 
tained in  diis  division  border  upon  the  lowest  of  the  whole  kingdom,  yet 
others  are  inferior  only  to  the  Vertehrata  in  the  complexity  of  their  orga- 
nisation. A  distmet  mouth  and  eyes  are  almost  universally  present.  The 
muscles  that  esecute  the  movements  of  the  body,  are  attached  to  the  in- 
terior of  the  hard  envelope,  which,  where  distinct  members  are  developed, 
beloses  them  as  well  as  the  tnmk.  In  some  of  the  Aiiimlosa  the  blood  is 
red,  in  others  it  is  nearly  colourless  ;  and  among  the  Insect  tribes  there  ia 
a  power  of  generating  heat,  almost  as  great  as  among  any  of  the  Vertehrata, 
although  less  constautly  exercised.  The  locomotive  powers  are  usually  very 
considerable  ;  and  the  general  structure  of  the  body  is  peculiarly  adapted 
to  the  predominance  of  this  faculty.  When  distinct  members  are  de- 
veloped, they  are  never  less  than  six  iu  number,  and  are  usually  much 
more  numerous.  There  ia  one  group,  however,  which  approaches  the 
MoUusca,  in  which  this  tendency  is  reduced  to  a  subordinate  condition,  in 
conformity  with  other  peculiarities  of  its  organisation  (§  \2a). — III.  Mol- 
LU8CA,  or  Shellfish,  with  aUied  species  unpossessed  of  a  testaceous  cover- 
ing. This  group  also  iucludes  niauy  animals  of  high  organisation,  aueh  ss 
the  Cuttle-fish,  which  approach  the  Vertehrata  very  closely  in  structure 
and  general  characters ;  as  well  as  many  whose  conformation  is  very 
simple.  Instead  of  longjointed  bodies  equally  developed  on  the  two  sides, 
they  almost  always  present  an  irregular  rounded  form,  with  no  distinct 
members ;  or,  when  such  are  developed,  they  are  but  flesliy  tentacula  (as 
the  arm»  of  the  Cuttle-fish),  or  tubercles  (as  the  foot  of  the  Snail),  quite 
different  from  the  complex  jointed  limbs  of  Vertehrata  or  Insects.  In  none 
are  tlie  locomotive  powers  developed  to  a  high  degree ;  many  remain 
affixed  during  nearly  their  whole  lives  to  other  substances ;  and  in  most. 

Kibe  nutritive  system  appears  to  predominate  above  the  animal  functions. 


Some  have  a  distinct  head,  with  eyes,  ears,  and  month ;  whilst  others  are  des- 
titute of  any  organs  of  special  sensation,  and  the  entrance  to  their  ahnientary 
canal  is  not  indicated  hy  its  situation  on  any  prominent  part  of  the  body. — 
IV.  Radiata,  or  radiated  animals,  a  group  which  includes  a  vast  quantity  of 
materials  apparently  most  hete'.ogeneous  ;  uniting  the  comparatively  symme- 
trical and  complex  Star-flsh  and  Echini,  with  those  simple  beings  which  form 
the  transition  to  the  Vegetable  kingdom.  The  name  properly  applies  to  those 
animals,  which  have  their  organs  arranged  in  a  radiated  or  star-like  form 
around  the  orifice  to  the  stomach ;  such  are  Star-fiah,  the  Sea-urchin  tribe, 
some  of  the  Medusse  or  jelly-fish,  and  nearly  all  Polypes.  The  locomotive 
powers  are  usually  inconsiderable,  and  the  organs  of  sensation  indistinct, 
though  rudiments  of  eyes  are  suspected  to  exist  in  the  higher  tribes ;  bui 
the  nutritive  p  ocls  es  appea  to  be  performed  with  great  activity,  and 
some  of  the  so  es  ai  d  mo  t  dehcate  of  these  animals  arc  known  to  seixe 
upon  and  diges  he  hard  bod  es  of  others  much  higher  in  organisation. 
The  lower  trib  a  of  this  sub  kingdom  have  been  formed  into  a  sejiarale 
division,  to  wh  ch  the  designation  of  Acrita  has  been  given ;  but  for  tliii 
there  does  not  appear  aufB  n  ground,  since  the  Radiated  structure  mav 
be  discovered  m  some  portion  of  every  group,  escept  in  the  Sponges,  wLIch 
form  the  transition  to  Plants.  There  is  but  little  indication,  however, 
amongst  the  animals  which  compose  these  tribes,  of  any  connected  nervous 
system,  and  none  of  any  organs  of  special  sensation.  The  tissues  are 
almost  homogeneous,  and  seem  equally  irritable  and  contractile  in  nearly 
every  part ;  they  are  whitish  and  semi-transparent,  and  appear  to  be 
nourished  hy  direct  absorption  from  the  surrounding  medium,  or  from  the 
cavity  into  which  food  is  received,  without  the  intervention  of  any  eiren- 
lating  apparatus  consisting  of  regular  vessels ;  although  in  some  cases 
there  seems  to  be  a  motion  of  fluid  through  canals  excavated  in  the  soft  sub- 
stance of  the  body.  From  this  simple  organisation  it  results  that  all  tlie 
functions  are  very  much  blended  together ;  and  that,  as  there  is  no  special 
organ  for  each,  every  part  serves  a  number  of  distinct  purposes  to  nearly 
an  equal  degree.  The  power  of  locomotion  is  in  general  very  slight ;  and 
where  it  is  possessed  to  any  great  extent,  as  by  the  gemmutea  of  the 
Sponges  and  Poly])es  (§  150,  155),  it  seems  difficult  to  say  how  far  it  is  to 
be  regarded  as  voluntary,  andhowfaritia  the  mere  result  of  peculiarities  of  «■- 
ganisation,  as  in  Plants.  A  large  number  of  this  division  remain  entirely  fixed 
to  one  spot  during  all  but  the  earliest  stage  of  life  ;  and  many  exliibit  so  hltle 
indication  of  sensibihty  or  voluntary  power,  as  to  render  it  doubtful  whether 
they  do  not  belong  to  the  Vegetable  rather  than  to  the  Animal  kingdom.  Just 
as  among  the  border  tribes  of  the  Protophyta,  there  is  frequently  great  diffi- 
culty in  determining  the  precise  characters  of  individuals  of  this  division ; 
for  it  may  he  regarded  as  including  a  large  number  of  animals,  in  which  the 
characters  of  higher  groups  are  adumbrated  or  (as  it  were)  sketched  out, 
but  which  have  not  attained  a  sufficient  degree  of  general  development  to 
deserve  a  place  amongst  them. 
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107-  Now  it  is  found  tliat  every  one  of  these  groups  may  be  charac- 
i  by  the  form  and  development  of  its  nervous  system  ;  and  as  this 
a  an  obvious  relation  with  all  the  functions,  both  animal  and  nutritive, 
s  probably  the  best  single  character  which  could  be  adopted,  (see  Chap. 
;ti).  Thus,  Vertebrated  animals  have  a  nenoua  cord,  mclosed  in  the 
n  which  supports  the  hack ;  and  this  is  dilated,  by  the  addition 
I  parts,  into  the  frraiH,  which  is  contained  within  the  cavity  of  the 
,  where  also  it  is  connected  with  the  organs  of  special  sensation. 
Hence,  they  may  be  termcil  Spini-eerehruta.  Annulose  or  Articulated 
\  animals,  again,  present,  as  the  typical  form  of  their  nenous  system,  a 
1  double  cord  studded  at  intervals  with  ganglia  or  knots  ;  this  runs  along 
flie  lower  or  ahdondnal  surface  of  the  body,  protected  by  its  general  en- 
velope, and  sends  its  principal  branches  to  the  legs  \  and  it  is  connected 
with  similar  ganglia  nithiu  the  head,  the  size  of  which  is  proportional  to 
the  development  of  the  organs  of  special  seosatiou,  but  which  never  correa- 
pond  entirely  with  the  brain  of  Vertebrata.  lu  those  species  in  which  the 
locomotive  apparatus  is  most  connected  with  one  part  of  the  body,  as  in 
Insects,  the  ganglia  no  longer  present  their  regular  disposition  through  the 
whole  trunk,  but  are  concentrated  in  its  neighbourhood,  so  that  then'  peculiar 
arrangement  is  less  evident ;  but  in  these,  at  an  early  period  of  hfe,  the 
typical  conformation  is  observable,  to  express  which,  the  tenu  Dijjlo-tieura 
has  been  applied  to  this  sub-kingdom.  In  the  Mollusca,  the  nervous 
system  is  principally  concentrated  around  the  entrance  to  the  alimentary 
canal,  forming  a  circle,  through  which  the  ccsophagus  passes,  and  which  is 
oonnected  with  other  ganglia,  disposed  without  symmetry  among  the 
mcera,  or  in  the  neighbourhood  of  the  organs  of  locomotion,  if  such 
should  be  specially  evolved.  In  some  of  the  highest  of  this  division,  the 
nervous  system  approaches  very  closely  in  its  arrangement  to  the  form  it 
presents  in  the  lowest  Vertebrata,  and  receives  a  corresponding  protection 
by  a  rudimentary  iutenial  skeleton  ;  but,  in  general,  it  is  more  connected 
with  the  immediate  supply  of  the  nutritive  functions,  and  wants  that 
symmetrical  arrangement  and  close  connection  with  the  locomotive  organs, 
which  may  be  regarded  as  characters  of  elevation  in  the  nervous  system  of 
the  Articulata.  From  the  irregular  distribution  of  their  ganglia,  Mollusca 
have  been  termed  JJetero^angUafa.  The  Radiala  present  snch  a  form  of 
nervous  system  as  might  be  eS|>ected,  when  the  peculiarity  of  the  arrange- 
ment of  their  organs  is  considered.  It  is  composed  of  a  lilamcntons  ruig, 
which  surrounds  the  mouth,  and  sends  off  branches  to  the  different 
divisions  of  the  body ;  a  slight  ganglionic  enlargement  being  usually  per- 
ceptible where  these  fibres  are  ^ven  off.  Uence  these  animals  have  been 
termed  Cyclo-iteura.  In  the  lowest  of  the  Radiated  tribes,  no  definite  or 
connected  nervous  system  is  discoverable,  and  most  naturalists  imagine 
that  globules  of  nenous  nmtter  are  incorporated  with  the  individual 
tissues  1  the  probability  of  this  supposition  will  lie  hereafter  considered 
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(chap.  xvi).      At  preMiit,  the  Cla*ae»  or  subdirisioDS  of  these  primi 
g^oaps  will  be  described  with  somewhat  more  of  detail. 

108.  The  MAMMALIA,  which  unquestionably  assume  the  highest  rank  in 
the  whole  Animal  creation,  as  well  as  amongst  the  Vertehrated  classes,  are 
particularly  distinguished  from  all  others,  not  oidy  by  producing  their 
young  alive  (which  is  done  by  some  species  much  lower  in  the  scale),  bull 
by  their  supporting  them  by  suckling  for  some  time  after  birth, 
their  name.  This,  indeed,  ia  the  only  single  obvious  and,  at 
time,  universal  character  which  is  peculiar  to  them :  for  though  they  may 
be  described  as  warm-blooded  animals,  breathing  air,  and  hanug  a  com- 
plete double  circularion,  this  would  inchide  Birds  also ;  or  if  they  were 
characterised  as  four-legged  animals  which  hve  on  the  ground,  they  would 
be  associated  with  Reptiles ;  and  if  the  hair  or  fiir  which  generally  clothes 
the  body  be  assumed  as  a  distinctive  pecuharity,  it  would  scarcely  hold 
good,  since  it  is  absent  from  the  surface  of  such  as  are  covered  with  scales, 
like  the  Armadillo,  and  something  much  resembling  it  is  eshibited  by  llie 
degenerated  feathers  of  some  Birds  which  approach  nearest  in  character  to 
the  Mammalia.  The  general  structure  of  this  class  is  sufficiently  well 
known,  to  render  it  unnecessary  to  dwell  upon  it  in  this  place  ;  and  it  does 
not  come  within  our  purpose  to  enter  into  its  sub-divisions  or  orders.  To 
esamine  the  mode  in  which  the  typical  stmcture  of  the  group  is  adapted  to 
all  the  different  conditions  in  which  its  members  are  respectively  to  exist, 
tracing  the  conversion  of  a  terrestrial  mammiferous  animal  into  one  destined 
to  range  among  the  finny  tribes  of  the  ocean,  or  to  skim  through  the  air 
on  wings  Uke  a  bird,  would  at  any  time  be  a  moat  interesting  pursuit.  Nor 
would  it  less  tend  to  raise  our  ideas  of  the  Unity  of  Nature's  Design,  to  see 
these  modifications  evidenced  in  many  of  the  smaller  sub-divisions,  though 
not  carried  out  to  the  same  completeness  as  in  the  principal  orders.  Thus, 
we  have  not  only,  in  the  Celacea  or  Whale  tribe,  a  whole  order  of  Mam- 
malia adapted  to  the  conditions  in  which  Fishes  alone  ordinarily  exist,  and, 
in  the  Cheiroptera  or  Bat  tribe,  a  similar  adaptation  to  the  life  of  Birds ; — 
but,  among  the  Caritivora  we  find  the  Seal  and  its  alhes,  among  the 
Bodentia  the  Beaver  and  Water-Rat,  among  the  Pach/dennata  the  Hippo- 
potamus (and  probably  a  still  more  remarkable  animal,  the  Diuotherium, 
an  extinct  species  forming  a  link  between  this  order  and  the  herbivorous 
animals  commonly  arranged  among  the  Cetacea),  and  among  the  Mono- 
tremata  the  extraordinary  Ornithorhyncus  or  Duck-billed  Platypus, — bU 
more  or  less  aquatic  in  their  habits :  and,  in  hke  manner,  we  observe  the 
Flying  Lemur  among  the  Quadmiaana,  the  Flying  Squirrel  among  the  Ro- 
dentia,  and  the  Flying  Opossum  among  the  Marmpialia, — all  of  which  have, 
to  a  certiun  extent,  the  power  of  supporting  and  guiding  themselves  in  the 
air,  by  means  of  expanded  membranes  connected  with  their  limbs  or  tails. 
Well  marked  as  the  characters  of  the  Mammalia  appear  to  be,  they  exhibit 
a  very  distinct  transition  to  the  class  of  Birds,  by  the  order  Monotremata, 


tae  species  of  which,  the  Onritliorhyneus,  has  just  been  mentioned  ;  as  well 
in  a.  less  degree,  by  the  MarsupiaHa.  In  the  uiiinals  of  the  latter  tribe, 
1  as  the  Kangaroo  aiid  Opossum,  (he  young  leave  tlie  uterus  at  a  very 
irly  period  of  devebpnient,  and  are  conveyed  into  the  marmpiuai  or  pouch 
f  the  mother,  where  they  remain  attached  to  the  nipple  for  a.  considerable 
,  scarcely  exhibiting  signs  of  sense  or  motion,  and  incapable  of  maiii- 
ing  a  separate  existence.  In  the  Monntremata,  the  embryos  aeem  never 
0  acquire  the  same  direct  connection  with  the  parent,  which  they  possess 
D  the  uterus  of  the  higher  Mammaha,  and  in  this  respect  tbcy  appear 
t  resemble  those  cont^ned  in  the  eg^s  of  Birds,  though  the  period  and 
f  their  birth  has  not  yet  been  ascertained ;  the  mouth  is  entirely 
destitute  of  teeth ;  and  hi  the  Omithorhyucus  it  is  pronded  with  a  homy 
bill,  like  that  of  Birds ;  this  animal  also  possesses  spurs  on  its  hinder  feet, 
like  those  of  a  cock. 

109.   The  class  of  birds  is  distinguished  by  the  possession  of  a  com- 
plete  double  circulation   and  warm  blood,  at  the  same  time  that  their 
generation  is  onparous ;  by  their  coverhig  of  feathers,  which,  however, 
sometimes  degenerate  almost  into  bristles  or  quills,  hke  those  of  the  Por- 
cupine, or  into  scales  like  those  of  Fishes ;  by  the  position  of  their  bodies 
i^Q  two  feet  only,  and  the  modification  of  the  anterior  members  for  wings, 
(this,  however,  being  by  no  means  constant) ;  by  their  want  of  teeth,  whilst 
B  bones  of  the  jaw  are  covered  with  a  horny  bill ;  and  by  various  other 
1  of  less  importance.    The  senses  of  sight,  sniell,  and  hearing 
a  to  he  more  acute  than  those  of  tasle  and  touch  ;  it  is  for  their  loco- 
motiTe  powers,  however,  that  this  class  is  most  remarkable.     It  is  pretty 
certam  that  some  species  can  fly  at  the  rate  of  11)0  miles  au  hour,  and 
maintain  this  velocity  for  some  time  ;  but  although  the  power  of  flight  is 
tiat  which  most  evidently  distinguishes  Birds  from  other  Vertebrata,  it  is 
possessed  to  the  same  degree  by  all.    In  the  tribe  of  Curgares 
t  runners,  for  instance,  the  wings  are  not  snfliciently  developed  to  raise 
;  body  from  the  ground  ;  yet  it  is  believed  tlmt  they  assist,  by  beating 
e  air,  the  action  of  the  powerfid  legs,  by  which  an  Ostrich  is  able  to  keep 
e  with  a  fleet  horse.    In  the  Penguiu,  Rgain,  the  wing  resembles  in  form 
die  fin  of  A  Fish,  and  the  feathers  assume  the  appearance  of  narrow  scales 
lying  one  over  the  other ;  as  instruments  of  flight  they  are  of  course  entirely 
usdess;  but  when  the  Bird  is  once  in  the  water  (which  it  rarely  leaves) 
^Mhe  fin-like  wings  become  a  pair  of  powerful  oars,  capable  ot  propellmg  tbt 
^Hbdy  at  a  prodigioiu  rate.     All  the  accounts  given  by  navigators  labour 
^Bfew  belief  that  the  Penguins,  however  helpless  on  land,  are  yet  the  swiftest 
^^fcmily  of  swimmers  in  the  feathered  creation,  rivalling  the  Swallows  in  the 
rapidity  with  which  they  pursue  their  prey.     The  modifications  which 
the  typical  structure  of  the  Bird  undergoes  to  meet  the  various  conditions 
B  ejDstenee,  can  scarcely  be  regarded,  however,  as  equally  considerable 
iith  those  presented  by  the  Mammalia ;  they  are  principally  due  to  the 
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relative  development  of  the  anterior  and  posterior  extremitiea  ;  and  the 
of  balancing  of  organs  (§  248)  is  nowhere  better  illustrated  than  in 
comparison  of  the  legs  and  wings  of  the  Ostrich  with  those  of  the  Swallow. 
The  Ostrich  and  its  allies  present  many  points  of  transition  to  the  Mam- 
malia, not  only  in  their  external  covering,  but  in  their  internal  conforma- 
tion ;  some  of  these  will  he  hereafter  noticed.  With  Reptiles,  a  class 
differing  from  tliat  of  Birds  in  almost  all  its  prominent  characters,  no 
animals  now  Hving  would  seem  to  indicate  a  connection ;  but  here  we  have 
a  remarkable  instance  of  the  necessity  of  including  extinet  forms  b  our 
classification,  hi  the  fact  that,  in  the  fossil  genus  Pterodactyltit,  there  la 
such  s.  singular  union  of  the  characters  of  the  two  classes,  that  much  con- 
troversy has  taken  place  as  to  the  one  in  which  it  should  be  located, 
have  been  called  the  Insects  of  Vertcbrated  classes ;  and  when  we  < 
describe  the  position  of  Insects  among  the  Articulata,  it  will  be  se 
the  expression  is  not  inappropriate. 

110.  The  class  of  reptiles,  which  is  next  to  be  considered,  presents 
more  ihversity  of  form  between  its  separate  orders,  than  any  other  among 
Vertebrata.  Nothing  would  seem  more  unhke  than  Tortoises,  Lizards, 
Serpents,  and  Frogs ;  yet  the  differences  between  thi 
so  great  as  to  prevent  their  association  into  one  class,  distinguished  by 
characters  which  are  common  to  all.  It  appears  desirable,  however, 
give  a  more  detailed  notice  of  them  here,  than  the  previous  classes  hBTB 
required.  Reptiles  are  cold-blooded  animals,  havhig  a  heart  with  only  three 
cavities,  and  an  incomplete  circulation,  (only  a  portion  of  the  blood  trans- 
mitted to  the  body  having  previously  passed  through  the  respiratory 
organs)  ;  they  usually  breathe,  in  their  adult  state,  by  lungs ;  though  some 
of  them  respire  by  gills  in  their  early  condition,  and  a  few  retain  them 
during  life.  Tliis  deficiency  in  the  oxygenation  of  the  blood,  com 
with  the  slowness  and  feebleness  of  the  circulation,  is  connected 
general  inactivity  of  the  nutritive  functions,  as  well  as  with  obtusenesi 
sensation  and  sluggishness  of  locomotion.  It  is  a  cimoua  result  of  the 
feeble  exercise  of  these  functions,  that  they  may  be  suspended  for  a  con- 
siderable time  without  apparent  injury  to  the  animal ;  and  that  parts 
separated  from  the  body  retain,  for  a  long  period,  the  low  degree  of  vitality 
which  they  usually  exhibit  in  connection  with  it.  Although,  at  present, 
Eepriles  appear  to  perform  a  comparatively  insignificant  part  in  the  economy 
of  Nature,  especiaUy  in  temperate  climates,  where  their  numbers  are 
relatively  few  and  their  powers  feeble, — we  learn  from  the  records  of 
Geology,  that  there  was  a  period  in  the  earth's  historj-,  long  antecedent  to 
the  crearion  of  Birds  and  Mammalia,  when  gigantic  animals  of  this  class 
not  only  constituted  the  chief  tenants  of  the  earth,  hut  extended  their  domi- 
nion over  the  waters  of  the  sea.  With  regard  to  the  external  appearance 
of  tlie  Reptiles  in  general,  it  may  be  remarked,  that  their  low  degree  of 
animal  heat  reijuires  no  fur  or  feathers  to  retain  it  \  and  that  those  which 
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most  injiiriDual;  affected  by  a  high  externa]  temperature,  namely  the 
iRrog  tribe,  have  a  soft  naked  skin,  by  trausiiiration  from  which  the  body 
may  be  kept  cool,  and  the  influence  of  heat  resisted.  Wliere  a  scaly 
corering  exists,  as  in  the  Tortoises,  Lizards,  and  most  Serpents,  its  indi- 
vidual parts  are  to  be  regarded  as  appendages  of  the  same  kind  with  the 
lioms,  hair,  or  feathers  of  the  higher  classes,  being  formed  liy  a  cor- 
Tespouding  set  of  organs. 

ill.  The  order  Chehnia,  or  Turtle  tribe,  is  characterised  by  the  absence 
of  teeth,  by  the  homy  covering  of  the  jaws  which  resembles  that  of  Ilirds,  by 
the  possession  of  four  feet,  and  by  the  inclosiire  of  the  hody  in  a  shell-like 
covering.  The  want  of  teeth,  claws,  or  other  weapons  of  offence,  is  thus 
compensated  hy  their  means  of  passive  resistance.  The  shell,  as  it  is  com . 
manly  called,  is  composed  of  two  distinct  portions ;  the  upper  one,  which  is 
termed  the  carapace,  is  usually  more  or  less  arched,  and  is  composed  of  a 
bony  espansioD  of  the  ribs,  which  are  consolidated  into  a  firm  structure, 
and  covered  with  the  homy  plates  that  coustitute  the  true  shell;  whilst  the 
lower  plate,  termed  the  plastron,  is  nothing  but  a  peculiar  de^'elopment  of  the 
stemum  or  breast-bone,  which,  instead  of  being  prolonged  forwards  into  a  keel, 
to  give  attachment  to  lai^  muscles  as  in  Birds,  is  extended  laterally  for  the 
protection  of  the  subjacent  parts.  This  order  passes,  by  a  very  remarkable 
species,  the  £»itfs  terpentina  (AUigator-Tortoiae,  or  snap  ping-Turtle),  into 
that  of  the  Sauria  or  Lizards,  which  is  characterised  by  an  elongated  body 
covered  with  scales,  the  possession  of  teeth,  and  the  presence  of  legs,  of 
which  four  is  the  typical  number.  Whilst  all  the  Chelonia  are  herbivorous, 
many  of  this  order  derive  their  support  from  the  Animal  kingdom  alone, 
and  thai  carnivorous  tendency  is  indicated  by  the  character  of  their  teeth  ; 
some  of  the  largest  among  the  extinct  species,  however,  appear  to  have  been 
vegetable  feeders,  possessiug  teeth  more  adapted  for  grinding  and  hniising 
than  for  cutting  and  tearing.  Most  of  them  are  modified  for  progression 
on  land,  though  the  Crocodiles  chiefly  inhabit  the  water,  for  propulsion 
through  which,  their  fln-like  tail  is  adapted ;  whilst  the  Draco  volaru,  a 
harmless  and  beautifrd  little  inhabitant  of  tropical  woods,  and  the  only 
living  representative  of  the  fabulous  Dragon,  passes  part  of  its  time  in  flut- 
tering from  hrauch  to  branch  by  means  of  its  wing-like  appendages  (§  233) ; 
from  the  skeleton  of  the  Pterodactylut,  its  powers  of  flight  must  be 
legarded  as  having  been  considerable  (§  232).  This  extinct  animal  would 
^ipear,  from  the  conformation  of  its  teeth,  to  have  been  insectivorous  ;  and 
thna  it  seems  to  have  represented,  both  in  character  and  functions,  the  class 
of  Birds,  which  was  not  then  called  into  esistettce.  Two  other  remarkable 
estinct  genera,  which  exhibit  peculiarities  of  organisation  indicative  of  afB- 
nkies  to  distant  groups,  belong  to  this  order.  The  Ickthyotinirua  imme- 
Jiately  connects  Lizards  with  Fishes,  as  its  name  imports ;  presenting  the 
head  and  teeth  of  the  former,  combined  with  tlie  vertebral  column  of  the 
latter ;  as  well  as  a  union  of  other  organs,  apparently  heterogeneous,  but 


without  doubt  perfectly  adapted  to  the  conditions  of  its  dwelling. 
Plegioiaurai  appears  to  have  been  a  still  more  singular  auimal,  unitir 
the  head  of  a  Lizard  and  teeth  of  a  Crocodile,  a  long  neck  like  the  body 
of  a  Serpent ;    a  tnmk  and  tail  having  the  proportions  of  au  ordinary 
Quadruped ;  the  paddles  of  a  Whale ;  and  the  ribs  of  a  Chameleon,  the 
peculiarity  in  form  of  which  seems  connected  with  very  great  distensibility  h 
of  the  lungs.  ^| 

112.  The  transition  of  form  from  the  Saurian  tribes  to  the  next  ordo^H 
that  of  Opkidia  or  Serpents,  is  made  out  by  very  evident  linlis.  Although"" 
Lizards  have  usually  four  legs,  some  species  have  only  two ;  and  the  two 
which  are  deficient,  are  the  anterior  in  one  species,  and  the  posterior  in 
another.  In  the  AtiguhfragiJis  or  Slow-Worm,  no  extremities  appear  out- 
wardly, but  they  may  be  demonstrated  by  careful  preparation  of  the  skeleton ; 
and  amonggt  the  undoubted  members  of  the  order  Opkidia,  rudiments  of 
extremities  may  be  detected  in  several  instances.  Although  apparently  W) 
different  from  the  Saurian  reptiles,  Serpents  are  to  be  distinguished  by 
little  hut  the  absence  of  extremities  ;  as  in  the  possession  of  teeth,  and  the 
scaly  covering  of  their  bodies,  they  completely  correspond  with  them.  The 
elongated  form  of  their  bodies  reminds  lis  of  the  vermiform  tribes  amoug 
the  Annulosa,  which  they  may  be  considered  as  representing  among  the 
Vertebrata ;  and  they  correspond  with  tbem  in  a  very  curious  particular, 
which  exists  in  few  other  tribes  of  Vertebrata,  namely,  the  periodical  exuvia- 
tion of  the  entire  skin.  It  would  scarcely  be  supposed  that  a  link  could  be 
found  which  should  connect  the  Ophidia  with  the  Frog  tribe ;  yet  this 
exists  in  the  Cteinlia  (naked  serpent),  an  animal  destitute  of  a  scaly  cover- 
ing, having  a  soft  skin  like  that  of  the  Batrachia,  and  resembling  the  latter 
in  BO  many  points  of  internal  ot^anisation,  that  it  should  probably  be  asso- 
ciated with  that  group.  The  Batrachia  themselves  form  one  of  the  most 
remarkable  tribes  in  the  whole  kingdom,  however  despised  the  meniliers  of 
it  may  he.  Besides  the  naked  skin,  which  is  the  principal  character  ihat 
distingiiishes  them  in  the  adult  form  from  other  Reptiles,  and  the  imperfect 
separation  of  the  heart  into  three  cavities,  they  possess  another  peculiarity. 
which  is  regarded  by  many  naturalists  as  sufficient  to  constitute  them  a 
distinct  class  rather  than  order,  namely,  the  change  of  form  or  metamor- 
phosis which  they  undergo,  in  their  growth  from  the  young  to  the  adult 
state.  All  the  animals  belonging  to  this  order,  such  as  the  Frog,  Toad, 
Water-Newt,  and  some  others  less  known  but  still  more  remarkable, 
resemble  Fishes  m  their  tadpole  or  imperfect  state,  but  afterwards  assume 
more  or  less  of  the  Reptde  form  ;  they  thus  act  as  a  connecting  link  of  a 
very  pecuhar  kmd  between  the  two  classes.  The  Tadpole,  when  it  has  just 
emerged  from  the  egg,  is  essentially  a  Fish ;  it  is  deficient  in  members, 
moving  solely  by  its  tail ,  it  breathes  by  gills,  and  all  its  organs  are  adapted 
to  aquatic  respu'ation ;  its  brain  and  nervous  system,  its  circulating  and 
digestive  apparatus,  are  nil  those  of  a  Fish.     As  the  animal  grows,  I 


f  increases  in  size,  while  the  tail  remuns  stationary ;  tlie  legs  are  put 
rth,  the  hind  pair  appearing  first ;  the  gills  are  supersetled  in  fiinctiou  by 

WHu:  lungs  1  the  tail  becomes  rudimentary ;   the  gills  (hsappear ;  and  the 

■J  quits  the  trater  iu  the  form  of  a  Frog,  breathing  air,  aud  depending 

r  tocomotion  on  its  extremities  alone.    Some  of  this  order,  however,  which 

I  undergo  a  complete  metamorphosis,  remain  aquatic,  such  as  the  common 
Salamander  or  Water-Newt ;  still  these  do  not  breathe  by  gills  in  the  adult 

i  state,  but  take  air  into  the  lungs  at  the  surface  of  the  water,  which  they 
are  therefore  occasionally  obliged  to  lisit.  There  is  a  ]ieriod  in  the  develop- 
ment of  the  tadpole,  at  nhieh  there  is  a  kind  of  balancing  between  the 
oi^ans  which  are  disappearing,  aud  those  which  are  being  evolred  ;  when 
the  hmgs  and  ^Us  exist  simultancouslv,  and  the  legs  as  well  as  the  tail  are 
employed  for  progression.  This  state  is  trantitory  in  the  common  tadpole, 
and  oEily  exists  for  a  short  time ;  hut  in  some  animals  of  tliis  order  it 
remains  permanent,  their  deiebpineHt  (as  it  were)  hemg  checked  ;  so  that 
they  nerer  assume  the  complete  Reptile  form,  but  retain  the  gills  along 
with  imperfect  lungs,  and  the  tail  imited  with  short  extremities.  Of  these 
curious  animals  more  will  be  said  hereafter  (§  -irti).  A  curious  link  be- 
tween the  Botrachia  and  the  Chelouia  has  recently  been  discovered  in  South 
America,  being  nothing  less  than  a  Frog  furnished  with  a  carapace ;  *  by 
this,  the  Chelonia  may  be  said  to  be  repre»enltd  among  the  Batracbia,  in 
the  same  manner  as  the  Sauria  are  represented  by  the  Salamander,  and  the 
Serpents  by  the  Cfecilia.  The  fiatracliia  have  no  weapons,  either  of  offence 
or  defence ;  taken  as  an  order,  they  are  certainly  as  harmless  to  man  as 
any  tribe  of  animals  ;  and  though  the  forms  ot  many  of  the  species  offend 
against  our  notions  of  beauty,  and  their  love-songs  give  them  the  character 
of  "  horrible  musicians,"  there  is  certainly  nothiug  to  justity  the  aversion 
and  prejudice  with  which  they  are  ordinarily  regarded. 

1 13.  It  may  not  be  inappropriate  to  stop  here  for  an  instant,  to  enquire 
bow  fw  the  existence  of  a  metamorphosis  can  be  regarded  as  a  character 
sufiioent  to  estabhsh  this  or  any  other  group  into  a  distinct  class,  if  the 
general  structure  of  the  adult  do  not  warrant  the  distinction.  It  wiU  here- 
after be  stated  (§  244)  as  a  general  law  of  the  organised  creation,  that,  in 
the  evolution  of  each  of  the  individual  organs  of  the  higher  tribes,  a  aeries 
of  conditions  is  passed  through,  which  bear  an  evident  analogy  with  those 
that  are  permanent  in  the  lower  parts  of  the  scale.  In  the  human  embryo, 
for  instance,  the  first  appearance  of  the  ner^'ous  system  resembles  that 
which  exists  in  the  lower  Vermiform  tribes ;  and  at  a  subsequent  period, 
the  brain  presents  the  successive  characters  j)ecuiiar  to  the  Fish,  Reptile, 
Bird,  and  Alammiferous  animal,  in  their  adult  states.  The  heart  and  cir- 
culating system,  the  respiratory  system,  and  many  others,  will  be  shown  to 
imdeTgo  a  corresponding  series  of  changes.     The  later  portions  of  these 
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occur  ia  the  embryo  of  the  Marsupialia  after  it  has  quitted  the  uterus,  1 
whilst  still  remaining  attached  to  the  exterior  of  the  parent ;  and  ii 
of  Birds,  the  whole  development  of  the  embryo  takes  place  independently  a 
the  parent,  influenced  only  by  its  wamitli,  with  which  it  may  be  artificially 
supplied.  Now  the  difference  between  the  metamorphosis  of  the  Batracliia, 
and  the  changes  which  occur  in  the  embryos  of  Birds  and  Mammalia,  con- 
sists in  this  ; — that,  in  the  latter  ease,  the  Ufe  of  the  fcctus  being  maintained 
by  nutriment  either  continually  supplied  by  the  parent,  or  stored  u 
ovum,  there  is  no  necessity  for  that  harmony  between  the  correspondi 
states  of  its  different  organs,  which  is  essential  to  a  being  that  is  to  n 
tain  an  independent  existence ;  and  the  development  of  each,  there 
goes  on  without  reference  to  the  corresponding  state  of  the  others. 
tadpole  of  the  Frog,  or  the  larva  of  the  Insect,  on  the  other  hand,  there  u 
that  harmony ;  the  embryo  does  not  receire  from  its  parent  sufficient  nu- 
triment stored  up  within  the  egg,  to  enable  it  to  arrive  at  its  fiill  develop^, 
meat  before  quitting  its  envelope ;  it  comes  forth,  therefore,  i 
which,  as  regards  its  ultimate  condition,  is  imperfect ;  but  in  this  state  i| 
enabled  to  maintain  its  existence,  by  procuring  and  assimiUting  its  c 
food,  since  its  organs  arc  fiinctionally  adapted  to  each  other,  though  uni- 
versally presenting,  for  a  time,  the  characters  of  the  class  below.  The 
changes  which  the  Tadpole  undergoes  in  its  conversion  to  a  Frog,  or  the 
Lan-a  in  its  metamorphosis  to  the  perfect  Insect,  are  not  different  in  kind 
from  those  which  all  animals  of  complex  organisation  present  at  some  period 
of  their  existence,  although  pecuhar  in  their  combination  and  si/iichroni«m  i 
they  cannot,  therefore,  be  regarded,  in  a  classification  based  upon  philoso- 
phical principles,  as  sufficient  of  themselves  to  characterise  a  class. 

114.  The  last  class  of  the  Vcrtebrata  is  that  of  fishes,  which  are  cold- 
blooded animals,  inhabiting  the  water,  and  breathing  by  gills  during  the 
whole  of  life ;  possessing  but  two  cavities  in  the  heart,  having  the  body 
covered  with  cartilaginous  or  bony  scales,  and  the  extremities  metamor- 
phosed into  expanded  fins.  Their  whole  structure  is  adapted  for  progression 
in  water ;  and  the  movements  of  propulsion  are  principally  executed  by  the 
lateral  action  of  the  spine,  whilst  the  fins  are  used  for  the  purpose  of 
balancing  the  body,  and  of  modifying  its  direction.  The  pecuhar  construc- 
tion of  the  spinal  column  endows  it  with  great  flesibihty,  at  the  expense, 
however,  of  strength ;  but  the  latter  is  not  reqiured  in  beings  whose  bodies 
are  universally  buoyed  up  by  the  surrounding  element.  The  tail  is  flat- 
tened vertically ;  and  increased  power  is  given  to  the  stroke  of  the  body, 
by  the  prolongation  of  the  spinous  processes  of  the  vertebral  column  into 
the  dorsal  fin,  whilst  another  fin  is  often  developed  from  its  under  side. 
The  pectoral  fins  of  Fish  answer  to  the  arms  of  man,  and  the  ventral  fins, 
which  arc  connected  with  the  pelvic  bones,  to  his  legs ;  besides  their  uses 
in  steering,  they  assist  in  raising  the  fish  vertically  through  the  water ;  and 
in  species  whose  habits  frequently  require  this  kind  of  motion,  the  ventral 
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i  fins  are  brought  much  forwards,  and  are  even  situated  anteriorl]'  to  the 
loral.  As  ne  have  seen  Birds  modified  to  inhabit  tlie  water,  so  do  we 
1  Fish  adapted  in  some  degree  to  rise  in  the  air  -,  the  Flyiug-Fish  being 
aahled.  bv  means  of  the  stroke  of  its  eiqianded  fins  on  tlie  surface  of  the 
',  to  skim  over  it  for  a  considerable  distance,  though  not  to  execute  a 
sastaiued  flight  in  a  medium  of  such  rarity  contrasted  with  its  usual  element. 
Fishes  are  subdivided  into  the  osseous  and  eartilaginous  ;  the  former  being 
possessed  of  a  bony  skeleton,  whilst  the  framework  of  the  latter  is  com- 
paratively soft.  Although  many  cartilaginous  l''ishes  present  a  high  degree 
of  o^anisation,  and  even  produce  their  young  alive,  (hatching  the  eggs 
within  the  oviduct),  others  exhibit  the  aimiilest  forms  of  vertehrated  struc- 
ture, and  seem  to  pass  towards  both  the  Mollusca  and  the  Annulosa. 
'nius,  we  find  species,  especially  among  the  e;itinct  groups,  in  which  the 
whole  body  b  enveloped  in  a  covering  of  dense  bony  scales,  and  the  internal 
cartilaginous  skeleton  is  scarcely  more  developed  than  that  which  exieta  as 
a  protection  to  the  nervous  system  of  the  lugher  Cephalopoda  ;  and  to  this 
class  another  transition  is  exhibited  in  the  tentaeular  appendages  prolonged 
from  the  mouth  of  some  of  the  Cyclostome  fishes,  evidently  representing 
the  arms  which  are  developed  to  so  great  an  extent  in  the  Cuttle-fish,  and 
which  constitute  its  principal  organs  of  locomotion.  There  are  other  species, 
again,  which,  in  the  entire  absence  of  members,  the  non-development  of 
any  hard  protection  to  the  nervous  sysleni,  the  uniform  size  of  the  latter 
from  one  extremity  of  the  column  to  the  other,  the  general  aoftness  of  their 
tissues,  and  the  flexibility  of  the  body,  bear  a  very  close  reseinblaucc  to  the 
Vermiform  tribes ;  such  are  the  Lamprey  and  Mysine  (hag),  in  the  former 
of  wluch  the  spinal  column  is  a  simple  cartilaginous  tube,  and  in  the  latter 
the  nervous  cord  has  only  a  membranous  envelope,  and  no  eyes  or  distinct 
jaws  are  developed.  There  arc  also  some  species  of  Fishes  which  exhibit 
a  distinct  transition  in  the  structure  of  their  teeth,  vertebral  column,  and 
respiiatory  organs,  to  the  Lizard  tribes  -,  of  these  the  only  living  represen- 
tative is  the  Lepidotieiu  or  bony  Pike  of  the  North  American  lakes ;  but, 
from  the  researches  of  Agassia,  it  is  probable  that  they  were  formerly  very 
Qumerons.  Other  Fishes  e%'ince  a  manifest  affinity  with  the  Serpent  tribes  ; 
not  only  in  external  form,  but  in  remarkable  pccidiarities  of  internal  struc- 
ture. And  a  very  curious  animal  has  lately  been  discovered,  which  presents 
such  a  remarkable  imion  of  the  characters  of  Fishes  and  Reptiles,  that  the 
ablest  naturalists  are  at  issue  respecting  its  proper  place  in  the  series ;  it 
has  received  the  name  of  Lepidosiren  from  the  scaliuess  of  its  skin,  and  from 
its  resemblance  to  the  Siren,  one  of  the  Qatrachla  with  permanent  gills. 

1 15.  The  difference  which  has  been  already  pointed  out  {§  106)  between 
the  internal  skeleton  of  the  Vertebrata,  and  the  hard  external  tegument 
of  the  ARTiciiLATA,  is  a  very  remarkable  one,  and  deserves  further  notice. 
In  the  latter  group  we  often  obsene  the  trunk  presenting  exactly  the 
same  divisions  into  head,  thorax,  and  abdomen,  as  in  the  former ;   and 


where  distinct  articulated  members  exist,  the  joints  of  their  homy  I 
calcareous  sheath  correapond  in  iiumhcr  and  situation  with  those  of  ti 
higher  Vertebrated  tribes  ;  the  grand  difference  being  that,  in  the  fonner 
case  they  are  all  external,  and  in  the  latter  internal.  We  shall  euquire, 
then,  in  what  this  difference  consists  in  a  philosophical  point  of  view. 
The  skeleton  of  an  animal  is  that  harder  portion  of  its  tissues,  which  is 
destined  to  afford  protection  to  the  more  delicate  and  important  organs, 
and  support  to  the  soft  parts  of  the  body  in  general ;  imder  this  defini- 
tion, therefore,  we  may  include,  not  only  the  koiiy  apparatus  of  the 
Vertebrata,  bnt  also  the  dense  scaly  covering  by  which  some  even  of  these 
are  protected  esternally,  and  which  sometimes  (especially  among  estinci 
races  of  Fishes)  appears  of  more  importance  to  the  sopport  and  protection 
of  the  animal,  than  its  soft  internal  skeleton.  The  same  definition  will 
include  the  calcareous  tegument  of  the  Crah,  the  homy  casing  of  the 
Insect,  the  more  massive  shell  of  the  Oyster,  and  even  the  stony  stem  of 
the  Coral.  In  forming  our  estimate  of  the  relation  of  these  stnicturea  lu 
the  systems  with  which  they  are  respectively  connected,  we  must  take 
into  account  the  whole  conformation  of  the  animal ;  and  not  hastily  decide 
that  parts  arc  to  be  regarded  as  dissimilar,  which,  though  apparently 
diverse  in  form  and  character,  are  constructed  by  modifications  of  the 
same  parts,  and  fulfil  the  same  ofiice  in  the  economy  of  the  animal.  In 
the  Vertehrata,  the  integrity  of  the  hrain  and  spinal  marrow,  the  centres  of 
nervous  enei^,  is  so  essential  to  the  life  of  the  system,  that  the  preservation 
of  these  organs  is  the  chief  object  of  the  skeleton.  These  important  parts 
are  therefore  inclosed  in  a  bony  case,  formed  of  several  portions  united  by 
ligaments,  so  as  to  combine  fiexihUity  with  strength.  As  appendages  to 
this  neuro-»keleton,  as  it  may  he  termed,  we  find  a  set  of  bones  gi«ng 
firmness  to  the  extremities,  which  are  organised  for  locomotion  in  various 
ways,  and  in  the  higher  Vertebrata  are  adapted  for  other  purposes  also ; 
but  these  cannot  be  regarded  as  essential  parts  of  the  skeleton,  since  we 
find  them  absent  in  the  whole  of  the  order  Ophidia,  rudimentary  in  many 
of  the  Lizards  which  approach  nearest  to  them,  and  in  Fishes  giving  np 
their  peculiBr  function  to  the  tail.  In  some  of  the  latter  class,  in  which 
the  internal  skeleton  afibrds  hut  slight  protection  to  the  nervous  system, 
from  its  softness  and  want  of  resisting  power,  the  support  required  by  the 
more  deUcate  organs  of  the  body  is  given  by  a  pecuhar  modification  of  tbe 
skin,  which  is  beset  with  plates  of  hone  and  enamel,  forming  a  dernui- 
skeleton.  Among  the  Invertcbrata,  the  neuro-skeleton  is  entirely  absent, 
except  in  a  few  of  the  highest  species,  where  it  exists  in  a  rudimentary 
state  (^  132) ;  the  dermo-skeleton  being  highly  developed,  and  supplying  its 
place.  The  nervous  system  in  these  animals  is  less  concentrated  than  in 
the  Vertehrata  ;  there  are  many  centres  of  power  instead  of  one.  It  docs 
not,  therefore,  require  such  a  specific  protection,  since  injury  to  one  part 
does  not  necessarily  involve  the  destruction  of  the  animal ;  and  the  skeleton 
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S  consequently  adapted,  by  its  external  posUiun,  to  the  protection  of  the 
rtiole  of  the  soft  tissues  of  the  body,  and  not  to  that  of  the  nervous  ays- 
alone.      The  high  development   of  tlie   locomotive  powers  in  the 
I  Articulata  requires  that  this  denno-sVeleton   should   he  adapted  by  its 
'  numerous  joints  to  their  free  esertise,  equally  with  the  neuro-akeletou  of 
the  Vertebrata ;   and  it  is  tliia  adaptation,  (by  the  dirision  of  the  cover- 
mg  of  the  body  into  distinct  rings  or  scgmenta,  and  by  its  prolongation  into 
articulated  members,)  that  constitutes  the  chief  difference  between  the 
light  but  firm  tegument  of  the  Aniiulose  tribes,  and  the  more  dense  and 
I  lUftssive  envelope  of  the  MoUnsca,  wliieh  is  in  reality  formed,  like  the  other, 
k  by  a  kind  of  secretion  from  the  membrane  that  answers  to  the  skin. 

116.  This  leads  «a  to  advert  to  the  very  important  difference  in  cha- 
racter between  the  skeleton  of  the  Vertebrata  and  that  of  the  Invertebrated 
classes.  The  bone  which  constitutes  the  former  is  a  true  living  structure, 
traversed  by  blood-vessels,  absorbents,  and  nerves  ;  and  is  subject  to  that 
continual  renovation  by  which  all  the  living  tissues  of  the  animal  body  are 
characteriaed  (§  -IH).  The  dermo-skeleton  of  the  latter,  on  the  other  hand, 
when  once  formed,  undergoes  httle  or  no  further  change  (§  44)  :  it  is 
adapted  to  the  increasing  size  of  the  body,  either  by  being  periodically  cast 
and  renewed  by  those  animals  whose  entire  surface  it  covers,  as  by  Crus- 
tacea ;  or  by  addition  made  to  its  edges,  where  these  arc  free,  and  do  not 
entirely  enclose  the  body,  as  in  the  MoUiuca ,-  or  fay  similar  additiona  made 
to  the  jointed  edges  of  its  individual  |>arts,  as  in  that  curious  class,  the 
Cirrhopoda,  which  represent  the  MoUusca  among  the  Articulated  tribes. 
In  all  these  cases,  the  skeleton  is  to  be  regarded  as,  when  once  formed, 
independent  of  the  nutritive  system,  or  ex/ra-caseiilar,  like  the  nails, 
horns,  hair,  scales,  or  feathers,  of  Vertebrata,  which  are  all  distinct 
mdimentary  forms  of  the  dermo-skeleton  ;  and  the  latter  is  carried  to  its 
highest  development  where  no  more  completely  organised  internal  fabric  is 
yet  evolved.* 

117.  It  is  not  very  easy  to  say  which  class  of  the  Articulata  is  to  be 
regarded  as  the  highest ;  some  possessing  marks  of  superiority  in  one  sys- 
tem, and  some  in  another.  Insects,  for  example,  breathe  air,  and  have  a 
very  complex  organisation  ;   but  their  nervous  system  never  presents  itself 

*  Bemdes  the  pe<ni1iaritiea  coDimon  to  the  Articulated  claaseB,  which  have  been  for- 
merly  menlioned,  there  in  one  nhlch  deaerves  especial  notice,  when  they  arc  cnmpared 
with  Vertebrata.  The  double  nervoui  cord  of  Che  Anicuiata  has  been  gtated  (g  107)  to 
run  alon/^the  aidominal  a\af)ice  of  the  animal,  and  would  thus  appear  to  bold  an  opposite 
position  in  the  body  from  that  which  the  corresponding  part  of  the  nervous  ajatsni  po»- 
tenes  in  the  Vertebmta.  But,  when  closely  exiunined,  it  is  found  that  this  invenion  is 
common  to  other  piLrts  of  the  fabric,  the  intestine  being  situated  in  the  back,  the  respira- 
tory organ*  hanging  froni  the  abdomen,  &c.  -,  so  that  a  Lobster  placed  upon  ite  back  will 
exhibit  a  conformity  in  the  situation  of  all  the  essential  organs  with  the  Vertebrata.  This 
new  a  coniinned  by  the  facta  hereafter  to  be  stated,  in  regard  to  the  comparative  mode 
of  embryonic  davelopmant  in  the  ova  of  Articulata,  and  in  those  of  VurlebralB  (chap.  im). 
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in  the  same  concentrated  forni  as  that  of  the  Crustacea.  These  may  be 
briefly  described  as  Annulose  animals,  resemhhng  Insects  in  their  genera! 
form,  but  possessing  four  or  more  pairs  of  legs,  usually  encased  in  a  jointed 
calcareous  shell,  and  hreathiug  by  gi!Is  instead  of  air-pass^ea  ;  they  have 
compound  eyes  like  those  of  Insects,  and  are  furnished  with  two  pairs  of 
antenna!  or  feelers.  The  Crab,  Lobster,  and  Cray-fish  are  well  known 
illustrations  of  this  class,  which  was  formerly  included  by  Liniiaius,  with 
that  of  Arachnida,  under  the  general  division  of  Insects  ;  but  there  are 
many  other  tbrras  less  familiar,  which  serve  to  connect  it  with  the  neigh- 
bouring groups.  The  dense  envelope  of  these  animals  n-ould  interpose  too 
great  a  resistance  to  the  increase  of  the  body,  were  not  the  means  provided 
for  its  periodical  renewal.  The  exutiation,  or  throwing-off  the  old  shell,  is 
preceded  by  evident  illness  on  the  part  of  the  animal,  which  retires  to  its 
hiding  place  at  the  time.  The  soft  skin  is  soon  covered  with  a  sort  of 
mucous  exudation,  which  contains  a  large  quantity  of  calcareous  matter, 
and  speedily  hardens  ;  and  it  would  seem  that  the  earthy  deposit  in  the 
stomach,  commonly  termed  crabs-eyes,  disappears  at  this  period,  being,  in 
fact,  a  kind  of  reservoir  of  hme,  stored  up  agiunst  the  time  of  want.  In 
the  process  of  exuviation  it  is  not  micommon  for  the  animal  to  lose  part 
of  a  claw,  which  is  speedily  replaced  by  a  new  one  from  the  broken  joint. 
The  second  articulation  from  the  body  is  the  part  at  which  the  fracture 
most  frequently  occurs,  and  is  probable  the  only  one  from  which  the  new 
growth  can  issue  ;  since,  if  the  claw  be  broken  off  below  that  joint,  the 
animal  itself  effects  the  removal  of  the  upper  portion,  either  simply  casting 
it  off  by  violent  muscular  contraction,*  or  striking  it  against  some  hard 
body.  The  Crustacea  in  general,  at  the  time  of  their  first  emersion 
from  the  egg,  differ  considerably  from  their  adult  form,  especially  in  the 
number  of  their  legs  ;  for  there  is  a  remarkable  power  of  modification  in 
the  anterior  pairs,  which  are  sometimes  true  legs,  sometimes  changed  into 
claws,  and  sometimes  converted  into  jaws  ;  and  they  are  found  in  some 
species  in  every  stage  of  transition  between  these  extreme  forma.  The 
changes  which  they  undergo  during  their  development,  can  in  general 
be  scarcely  regarded  as  amounting  to  a  metamorphosis  like  that  of  Insects, 
although  some  naturalists  have  described  them  as  such  ;  but  the  Shrimp 
and  other  long-tailed  Decapods,  at  their  first  emersion  from  the  egg,  are 
provided  with  temporary  legs,  which  they  afterwards  cast  off;  and  their 
other  parts  undergo  such  remarkable  changes,  that  the  term  metamor- 
phosis can  be  scarcely  denied  them.*  The  members  of  the  different 
orders  of  Crustacea  have  a  much  greater  resemblance  to  one  another  in 
their  early  states  than  subsequently  ;    for  it  is  only  in  the  progress  of  their 

*  Borne  Bpecimensortlie  Cecam'nvj  or  Land-Crab  in  the  ZMlogimlQardenB  have  been 
ohaerved  to  throw  off  their  emaller  legs  with  great  ease,  in  order  to  escape  flom  any  one 
who  injudiciously  took  them  up  by  those  members. 

t  See  Ann.  of  Nat,  Hiat.  Nov.  IHan. 
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iwtb  that  the  chorftcters  which  distioguish  the  genera  and  species 
lire  themselves ;  and  hence  there  has  been  niurh  contiiaion  amongst 
iuralists  regarding  thfm.  In  the  lower  orders,  especially,  there  is 
[uently  a  kind  of  premature  liberation  of  the  embryo  from  the  egg, 
the  animal  has  subsequently  to  undergo  a  part  of  tbe  same  series 
changes,  which  the  higher  species  pass  through  before  quitting  the 
This  subject  is  one  of  the  most  curious  in  the  pbystology  of  these 
I,  but  it  has  not  yet  been  fiilly  investigated.  The  highest  order, 
that  of  Deeapoda,  which  contains  the  Lobster,  Crab,  &c.  indicates  a 
trvnsition  towards  both  tbe  Arachnida,  and  the  Myriajioda ;  for,  whilst 
the  short-tailed,  soft-bodied  Crabs  look  like  enormous  aquatic  Spiders, 
some  of  the  long-tailed  Lobster  tribe  conduct  us,  through  an  order  in 
which  the  segmcuts  of  the  body  are  still  more  distinct  and  equal,  (as  in 
the  common  wood-louse),  to  tbe  Centipedes.  Others,  again,  indicate  an 
evident  affinity  with  the  Cirrhopoda  (§  ISfi),  especially  to  the  transitory 
(bnn  of  the  latter ;  and  there  are  spcties  but  Uttle  elevated  above  the 
higher  Entoioa  (§  12?). 

118.  Tbe  next  class,  termed  arachmda,  from  the  general  resemblance 
of  its  members  to  Spiders,  also  differs  from  the  true  Insects  by  possessing 
more  than  six  legs  ;  eight  being  here  the  usual  number.  The  head,  like 
that  of  many  of  tbe  Crustacea  which  approach  them  in  form,  is  united 
the  thorax  ;  hut  is  destitute  of  antennse.  The  eyes  of  this  class  are 
not  possessing  tbe  compomid  stnicture  which  cbaracteriaes 
of  Insects  and  Crustacea,  but  as  resembling  the  simpler  though 
perfect  oi^ians  of  vision  m  the  Vcrtebrata.  The  respiration  is  also 
being  performed  by  oi^;ans  which  are  neither  lungs  nor  gills, 
present  analogies  to  both  (§  469)  ;  they  are,  however,  adapted  for 
hreathing  air,  most  of  this  class  being  inhabitants  of  the  land.  Many 
interesting  animals  are  included  in  it ;  such  as  the  Spiders,  the  structure 
and  employment  of  whose  spinning  organs  are  so  curious ;  the  Seorpio»i, 
'kable  for  their  enormous  claws,  which  resemble  so  much  those  of 
Crustacea,  and  for  their  long  Jointed  tail  terminated  by  a  sting  ;  and 
Atari  or  mites,  which  are  either  parasitic  upou  other  animals,  or 
upon  decaying  organised  matter.*     The  legs  of  the  Arachnida  are 

*  The  Spidera  ore  probably  the  most  remarkable  among  the  irholc  Animal  kingdom 
Ibr  tbe  Tsriet;  of  their  means  of  obtaining  their  prey.  Some  of  them  bore  habitadonsfor 
IhemielTes  in  wood,  earth,  or  any  other  penetrable  masaea  ;  lining  them  witli  a  silken 
lopeitTy  of  moit  beuutifUl  texture,  vhich  is  adapUd  to  resist  humidity ;  and  guarding 
iheir  enlranceB  by  trap-doors,  furnished  with  a  hinge,  ki  accurately  fitted  a»  not  to  bo 
perceptible  externally,  and  closing  of  themselves  irtien  theanimBlhsa  paoed  through. 
Withia  these  tub«,  the  little  inhabitants  lie  in  wiiit  fur  their  prey,  dnrt  out  upon  it 
when  near,  and  drag  it  back  to  their  dens  to  devour  it  at  leisure.  Others,  again,  form 
large  nets  ofihe  most  beautiful  texture  and  regulaj  confonnotion,  near  which  they  lie 
hid,  nntil  warned  of  the  neighbourhood  of  Iheir  game,  by  a  line  passing  from  the  eentni 
of  the  web  to  their  place  of  concealment,  from  which  they  dart  forth,  and  do  not  hesitate 


B^emarl 


D6 


)    STBlt'TVRES. 


renewed  after  injury,  in  the  same  manner  as  those  of  the  Cmstacea.  The 
Imka  Khich  connect  them  with  that  class  have  alreadr  been  noticed  ;  tliose 
which  form  the  transition  to  the  Insect  races  are  less  evident;  although  the 
affiiiitj'  which  exists  between  the  parasitic  Acari  and  some  not  very  dissi- 
milar forms  amongst  Insects,  cannot  be  very  distant. 

1 19-  Although  inferior  in  several  individual  points  of  structure  to 
classes  already  described,    that  of  insects  would  certainly  appear 
present,   in   the   most  elevated  degree,  the  combination  of  those 
liarities  which  are  characteristic  of  the  Articulata  in  general,  and  i 
therefore  be  regarded  as  its  typical  grouji.     Its  predominance  in  number 
of  species  above  all  others  is  not  a  little  remarkable  ;   according  to  Mr. 
Swainson  the  probable  estimate  would  reach  5.50,000,  whilst  the  total 
remaining  species  of  the  animal  kingdom  at  present  existing  on  the  globe 
do  not  amount  to  30,000,  or  scarcely  one-twentieth  of  the  whole.     The 
name  of  this  class  is  derived  from  the  well  marked  division  into  ]i 
thorax,  and  abdomen,  which  its  members  usually  present.      1 
racterised  by  the  possession  of  wings,  antennse,  compound  eyes,  and 
legs,  in  the  perfect  state  ;    and  also  by  the  existence  of  a  metamorpl 
through  two  distinct  forms,  previously  to  the  attainment  of  that  wl 
ultimately  characterises  it.      The  caterpillar  or  larra  which  afterwi 
rhanges  to  a  Beetle,  a  Butterfly,  or  a  Wasp,  bears  no  rescmblaoce 
ever  to  its  perfect  or  imago  form,  and  is  in  fact  allied  in  almost 
particolar  of  its  conformation  to  a  class  far  beneath,  namely,  the  j 
LiDA ;    BO  that  a  naturalist,  who  should  not  be  aware  of  their  ull 
metamorphosis,    would    unquestionably    associate    the    larvte    of 
Insects  with  that  class.     After  what  has  been  already  said  (§   113) 
the  nature  of  this  change  in  a  philosophical  point  of  view,  the  ap] 
tion  of  the  same  principles  to  the  present  case  can  be  a  matter  of 
difficulty.      The  alteration  in   the  whole  character  of  the  animal 
less  evident  in  the  metamorphosis  of  Insects  than  in  that  of  the  Bat 
chia.      In  the   larva  condition,    its    whole   energies   seem   concenti 
upon  the  nutritive  fimctiona  ;   and  the  increase  in  the  weight  of  the 
is  very  rapid  ;   whilst  in  the  perfect  insect,  the  reproductive  system: 
called  into  exercise,  the  body  no  longer  increases  in  size,  and  the 
tion  of  an  active  locomotive  apparatus  induces  an  entire  change  in  the 
habits.      Although  nearly  the  whole  of  this  class  arc  produced  in  the 
state  of  eggs,  like  other  Annulosa,  a  few  are  brought  forth  alive,  the  egg 
having  been  hatched  within  the  body  of  the  parent.      One  pecidiarity 
attending  the  eggs  of  Insects  is,  that  they  frequently  increase  in  size  after 
being  laid,  probably  by  imbibing  moisture,  hke  pbmts,  from  the  surround- 
ing medium. 

to  attnck  the  largest  Insect  etitunglcd  \o  their  tnila.  The  hunling  Spiders,  which  rtce  un- 
pro(ided  with  such  mcaiiB,  are  possessed  of  peculiar  agihiy,  and  tpring  upon  their  prej 
like  tigers,  seldom  mitsing  their  aim. 


120.  The  Larva,  when  it  first  emerges,  Iwars  but  a  very  anmll  proper- 
n  to  its  subsequent  bulk,  Thnt  of  tlie  Silkworm  neighs,  wheu  hatched, 
f  a  gnun ;  previonalj'  to  its  first  mctamoqihnsis  it  increases  to  95 
,  or  9,500  times  its  original  weight.  According  to  Lyonuet,  the 
jfstive  weight  of  the  fiiU-gmwn  caterpillar  of  the  Goat  Moth,  is  to 
that  of  the  young  one  just  crept  out  of  the  egg,  as  72,001)  to  1 .  During 
its  growth,  it  throws  off  its  skin  sereral  times,  like  the  Crustacea :  and 
the  rudiments  of  the  organs  to  he  subsequently  eyolved  are  gradually 
formed  within.  The  body  of  the  Lana  is  divided  into  thirteen  segments  or 
rings,  of  which  the  anterior  one  constitutes  the  head  ;  the  rest  are  nearly 
similar  to  one  another,  and  several  of  them  are  usually  furnished  with  pairs 
of  short  legs.  There  is  obviously  but  little  necessity  for  the  development 
of  the  locomotive  powers  in  this  condition,  since  the  food  is  commonly  vege- 
table, and  the  e^  is  always  deposited  hy  the  parent  in  such  a  situation  that 
a  supply  shall  be  within  reach  of  its  progeny  as  soon  as  required.  Tliere 
is  a  remarkable  correspondence  between  the  different  kinds  of  caterpillars 
and  the  different  orders  of  Annelida.  Rome  are.  like  the  Leech,  destitute 
of  eyes  and  members,  and  move  hy  suckers  at  the  ends  of  the  body;  others 
hare  the  legs  moderately  developed,  and  possess  eyes  ;  others  are  aquatic 
■nd  breathe  by  gills ;  and  we  may  regard  the  CaddU-wirm,  which  cou- 
stmcts  B  casing  for  itself  by  glueing  together  bits  of  stick  or  straw,  and 
grains  of  sand  or  gravel,  as  the  analogue  ol'  the  Tnbicolie  (§  1 24),  which 
form  a  similar  artificial  protection  to  their  soil  elongated  bodies.  In 
many  Insects,  however,  the  larvoe  differ  but  Uttle  from  the  perfect  state, 
except  in  the  absence  of  wings ;  their  development  having  proceeded  much 
further  before  they  quitted  the  ornm.  The  larva  first  changes  itself  into 
the  state  of  Pupa  or  chrysalis ;  previously  to  which  it  otYeu  spins  a  silky 
bag  or  cocoon,  in  which  it  encloses  itself.  The  Pupie  of  the  different 
orders  of  insects  differ  much  in  form,  and  in  degree  of  torjior.  Some 
have  the  whole  body  enclosed  in  a  homy  ease  without  vestige  of  members, 
and  are  totally  inactiTe,  except  when  disturbed  ;  whilst  others  retaiu  their 
legs,  and  possess  their  locomotive  powers  almost  undiminished,  scarcely 
seeaiing,  in  fact,  to  pass  into  the  pupa  state  at  all.  Tlie  metamorphosis  is 
siud  in  the  latter  case  to  he  incomplete,  not  because  the  ultimate  form  of 
the  Insect  is  less  periect,  but  because  the  I^n*a  is  more  advanced,  and  the 
change  is  consequently  less  <Ustinct ;  those  which  eshibit  all  the  phases 
described,  in  their  most  evident  form,  are  swd  to  undergo  a  complete 
metamorphosis. 

121.  In  the  Imnffo  or  perfect  state,  the  Insect  still  retains  the  thirteen 
segments  which  are  characteristic  of  the  group  ;  they  are,  however,  no 
longer  similar,  but  combined  into  separate  divisions.  The  heaii,  which 
is  regarded  as  the  first  segment,  is  quite  distinct  from  the  body ;  the 
thorax  contains  the  three  succeeding  rings  closely  united  together,  each 
of  these  being  always  furnished  with  a  pair  of  legs,  whilst  the  wings  are 
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developed  from  the  third  and  fourth  segments ;  the  abdomen  i 
of  the  nine  remaining  rings,  more  or  less  consoUdated,  aud  entire 
destitute  of  legs.  The  especial  function  of  the  perfect  Insect  i 
continuance  of  the  species  ;  and  the  wings  enable  it  to  seek  its  mate,  and 
to  ohtoin  a  situation  fit  fur  the  deposition  of  its  eggs.  Many  Insects,  as 
the  Silkworm-moth,  do  not  eat  after  emerging  from  the  pupa  state,  and 
die  as  sooil  as  they  have  fulfilled  this  object ;  and  in  few  is  there  any 
marked  increase  in  hulk  during  this  stage  of  their  existence.  It  has 
been  well  ohserved  that  there  is  a  beautil'ul  correspondence  between  the 
metamorphosis  of  Insects,  and  the  development  of  flowers.  Every 
species  of  plaut  exliibits  itself,  in  the  course  of  the  year,  in  different 
states.  First  are  seen  the  succulent  stems  adorned  with  the  young 
foliage  ;  next  emerge  the  flower  huds ;  then  the  calyx  opens,  and  permits 
the  tender  and  lovely  blossoms  to  expand.  The  Insects  destined  to  feed 
upon  each  plant  must  be  simultaneous  in  their  development.  If  the 
Butterfly  came  forth  before  there  were  any  flowers,  she  would  in  vain 
search  for  the  nectar  that  forms  her  tbod ;  and  if  the  Caterpillar  was 
hatched  after  the  leaves  had  begun  to  wither,  it  could  not  exercise  its 
functions  in  devouring  them.  The  eggs  of  many  Insects  are  laid  in  the 
autumn,  and  remain  unchanged  during  the  winter ;  their  development 
being  eicited,  like  the  evolution  of  plants,  by  the  genial  warmth  of  the 
spring.  Others,  again,  pass  the  chrysalis  part  of  their  existence  at  the 
same  season,  and  come  forth  as  perfect  Insects  early  in  the  ensuing  year. 
The  senses  of  the  Imago  seem  usually  acute,  especially  those  of  vision 
and  smeh,  although  the  special  organ  for  the  latter  has  not  been  detected. 
There  is  a  difference  of  opinion  with  regard  to  their  hearing,  some  ento- 
mologists beheving  that  ttey  are  entirely  deaf,  whilst  others  attribute  this 
fimction  to  their  antenttee  or  feelers.  That  the  latter  are  dehcate  organs  of 
touch,  can  scarcely  be  doubted  by  those  who  have  watched  the  employ- 
ment of  them ;  and  that,  by  their  use,  individuals  have  the  power  of 
communicating  with  each  other,  is  regarded  as  probable  by  those  who  have 
observed  the  habits  of  insects  hving  in  societies,  as  the  Bee  and  Ant. 
The  locomotive  powers  of  Insects  are  greater,  in  proportion  to  their  size, 
than  those  of  any  other  animals  ;  and  this  is  especially  the  case  in  the 
order  Hymenoptera  {Bee  and  Wasp  tribe),  which  are  also  remarkable  for 
their  extraordinary  instinctive  faculties. 

122.  The  characters  which  have  been  mentioned  as  peculiar  to  this 
class  undergo  considerable  modifications  in"  some  of  its  border  groups. 
Thus,  the  Fodiira  or  spring-tail  belongs  to  an  order  which  does  not 
undergo  any  metamorphosis,  and  is  deficient  in  wings  ;  some  of  its 
species  approach  the  Myriapoda  in  structure  and  habits,  The  Pedicultu 
(Louse)  and  similar  parasitic  uisccts  may,  in  like  manner,  be  considered 
as  forming  an  osculant  or  connecting  group ;  being  allied  in  many 
respects  to  the  parasitic  Aeari  among  the  ArachiiiJa  :    so  that  the  place 
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of  one  cnrious  species,  the  Nycterihia  (Bat-louse)  is  doubtM ;  Latreille 
having  placed  it  among  Insects,  and  Dr.  Leach  considering  it  as  belong- 
ing to  the  Acari.  The  true  Insects  are  usually  divided  primarilj  into 
two  extensive  groups,  the  Haustellata  and  the  Mandibulata  ;  the  former 
obtaining  their  food  hj  suction,  through  a  haustellium  or  proboscis,  and 
the  latter  biting  it  bj  their  mandibles  or  jaws.  The  latter  division, 
however,  presents  many  approaches  to  the  former ;  some  of  its  members, 
as  the  Bee,  not  using  the  jaws  for  mastication,  but  collecting  the  food  by 
the  tongue,  which  is  so  elongated  as  to  serve  almost  as  a  proboscis.* 

123.  We  must  now  quit  this  most  important  and  extensive  group,  and 
pass  on  to  the  next  class,  the  myriapoda,  towards  which  some  links  of 
transition  have  been  pointed  out,  both  among  Crustacea  and  Insects.  In 
&ct^  some  species  among  the  former,  in  which  the  segments  are  nearly 
equal,  and  the  number  of  legs  great  and  uncertain,  pass  almost  insen- 
sibly into  this  class.  There  is  here  no  division  of  the  trunk  into  thorax 
and  abdomen  ;  and  the  head  is  not  always  very  distinctly  separated  from 
it.  The  segments  of  the  body  are  numerous,  and  nearly  equal,  each 
possessing  a  pair  of  legs.  The  head  is  fiimished  with  antennae  and 
simple  eyes ;  and,  in  the  poisonous  species,  the  second  pair  of  legs  is 
formed  in  the  shape  of  a  claw,  through  an  aperture  in  the  point  of  which, 
the  poison  is  made  to  issue  from  its  reservoir.       In  this  class  there  is 

*  From  the  rank  and  importance  of  this  class  in  the  Animal  kingdom,  and  fVom  the 
difierences  of  structure  and  constitution  presented  bj  its  yarious  forms,  it  seems  desirable 
to  indicate  its  principal  subdivisions,  to  which  reference  will  be  occasionally  made  here- 
after. That  of  Mr.  Eirbj,  being  founded  on  adult  structure,  and  not  on  the  nature  and 
degree  of  the  metamorphosis,  appears  to  possess  the  best  title  to  be  here  adopted.  Ex- 
cluding some  orders  of  minor  importance,  the  principal  ones  may  be  thus  arranged,  each 
being  regarded  as  holding  in  its  sub-class  a  corresponding  position  with  the  parallel  one 
in  the  other : — 

BA  CrSTXLLATA.  MANDIB I7LATA. 

1.  Dipiera  (Gnat,  Ckid-ilj,  &c.)  5.  Hymenoptera  (Bee,  Wasp,  Ant) 

2.  Lepidopiera  (Butterflies,  Moths)  6.  Neuropiera    (Dragon-flj,  Ephemera) 

3.  Homoptera  (Cicada,  Lantern-fly)  7.  Orthoptera     (Grasshopper,  Locust) 

4.  HenUptera  (Boat-flj, Bug)  8.  Coleoptera      (Beetles). 

These  orders  are  all  named  according  to  the  character  of  their  wings.  In  the  1st,  only 
one  pair  of  these  organs  is  developed :  but  the  rudiments  of  the  other  are  discernible.  In 
the  2nd,  the  wings,  which  are  membranous,  are  overspread  with  a  downj  covering,  which 
consists  of  delicate  scales  of  the  most  elaborate  beauty.  In  the  3rd,  the  wings  are  all 
nearly  alike,  but  their  texture  is  somewhat  coriaceous  (resembling  parchment)  or  homy. 
In  the  4th,  the  anterior  or  upper  pair  resembles  horn  or  leather  at  the  base,  but  is  mem- 
branous near  the  tip.  In  the  5th  and  6th,  both  pairs  are  completely  membranous ;  the 
veins  which  support  them  being,  in  the  former,  disposed  like  the  ramiiications  of  blood- 
vessels, and,  in  the  latter,  crossing  each  other  nearly  at  right  angles.  In  the  7th,  the 
upper  pair  is  somewhat  coriaceous,  the  lower  membranous.  And  in  the  8th,  the  upper 
wings  being  entirely  coriaceous  or  horny,  and  not  being  used  in  flight,  are  termed  elytra 
or  wing-cases  ;  beneath  these,  the  second  pair,  which  are  membranous,  and  fi*equently  of 
considerable  size,  are  folded  transversely  as  well  as  longitudinally,  so  that,  when  the  elytra 
are  closed,  th^  are  completely  excluded  from  view. 
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sometimes  a  kind  of  metamorphosis,  the  animal  acquiring  seTeral  acU 
tional  segments  and  legs  after  quitting  the  egg.  The  class  is  divided  i 
two  orders,  one  of  which  is  harmless,  the  other  poisonous.  The  latter 
contains  the  Centipede,  which  is  the  hest-known  illustration  of  the  class. 
The  largest  specimens  brought  to  this  country  are  a  foot  long ;  though 
some  are  described  as  attaining  the  length  of  a  yard.  In  the  other  ord 
the  body  is  usually  more  worm-like  in  form,  and  the  legs  are  much  1 
developed ;  this  is  the  case  in  the  common  lulus  or  Millepede,  often  i 
with  in  turning  up  vegetable  mould,  upon  the  particles  of  which  it  feeds, 

124.  The  ANNELIDA  present  us  with  a  still  further  simplification  i 
the  form  of  the  hotly,  the  segments  being  usuaUy  less  distinct,  and  the 
head  not  separated  from  the  trunk  ;  we  observe  also  the  gradual  i 
appearance  of  members, — ^from  the  highest  species,  which  approach  t 
Myriapoda  in  their  possession  of  jointed  appendages,  down  to  1 
simple  "Worms  in  which  the  body  is  entirely  smooth.  Thus,  the  Nereli 
or  Sea-Centipede,  and  its  alhes,  have  one  or  two  pairs  of  long,  jointed, 
bristle-like  appendages  to  each  of  their  segments,  which  appear  to  serve 
as  legs  when  the  animal  creeps  over  a  soUd  surface ;  whilst  the  respiratory 
tufts  (§  459),  by  their  movements,  serve  as  its  organs  of  propulsion 
in  water.  Some  of  these  present  affinities  not  only  to  the  Myriapoda, 
but  to  the  Isopod  (equal-footed)  Crustacea.  Another  order,  the  TubieaUe, 
which  includes  the  Sabellffi,  Serpulie,  &c.,  has  a  long  naked  body  indis- 
tinctly divided  into  segments,  and  its  respiratory  and  locomotive  ^pen- 
dages  are  collected  together  at  the  head ;  the  remainder  being  enclosed 
in  a  tube,  which  the  animal  either  excavates  from  hard  sand,  or  con- 
structs by  the  agglutmation  of  bits  of  sand,  shells,  &c.,  or  forms,  like 
the  MoUusca,  by  a  calcareous  exudation  from  its  body.  In  fact,  until 
the  peculiar  characteristics  of  the  Artieulata  were  understood,  the  Serpulo 
was  placed  among  Mollusca.  In  stdl  lower  grades,  such  as  the  Earth- 
worm, we  find  locomotion  performed  almost  entirely  by  the  body,  but 
assisted  by  bristles  on  the  surface,  of  which  four  belong  to  each  segment. 
In  the  lowest  order,  of  which  the  Leech  is  an  example,  we  find  no  trace 
whatever  of  appendages ;  the  division  into  segments  is  scarcely  per- 
ceptible, and  locomotion  is  entirely  performed  by  the  body,  which  is 
furnished  with  suckers  at  each  end.  At  the  same  time  that  the  body 
and  appendages  are  thus  gradually  simphfied,  there  is  a  progressive 
diminution  in  the  peculiarities  of  the  head ;  that  of  the  Nereidse  being 
distinct,  with  eyes,  jointed  organs  like  antennce,  and  a  proboscis  armed 
with  jaws  :  while  in  the  Leech  it  is  nothing  more  than  the  entrance  to  the 
intestinal  canal,  not  being  in  the  least  separated  from  the  body,  and  being 
unprovided  with  regnlar  jaws,  distinct  eyes,  or  other  organs  of  special 
sensation  ;  the  sensibihty  being  here  diffused  over  the  whole  surface. 

125.  The  class  cirrhopoda  (Barnacles)  was  long  regarded  as  apper- 
taining to  the  Mollusca,  on  account  of  the  shell-Uke  covering  of  the  body. 
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I  differs  from  that  of 
i  point  in  their 
i  composed  of  several 


Lhs  fixed  condi^on,  the  absent  of  a  distinct  head,  and  other  peculiarities  ; 

■^k  was,  howerer,  retnoved  to  the  Articulata  nn  account  of  the  iJiploneurime 

f  character  of  the  nervous  system  ;   and  all  the  knowledge  which  has  been 

l< acquired  since  that  time  of  its  structure  and  development,  confirniB  the 

P  propriety  of  this  alteration.    The  body  presents  some  indication  of  division 

o  segments,  and  possesses  sii  pairs  of  jointed  arms ;   but  the  head  is 

listinctly  defined,   and    has   neither  eyes   nor  tentacnla.      Their  con- 

mation  is  symmetrical,   or  nearly  so  ;  and  thus 

all  but  the  h^hest  Molhisca  (§  172).      The  most 

organisation  is  the  structiire  of  the  shell ;    this  i 

distinct  pieces,  each  having  the  power  of  increase  s 

enlarge  the  capacity  of  the  whole  ;  and  it  is  thus  adapted  to  tlie  increasing 

size  of  the  animal,  without  that  periodic  exuviation  which  is  common  to 

the  hard  envelopes  of  the  Articulata  in  general,  but  which  would  not  havu 

suited    the    Molluscous   character  of  these  animals.      Of  the  chemical 

constitution  of  these  it  may  he  remarked  that,  whilst  the  shells  of  the 

Crustacea  are  composed  of  a  mixture  of  phosphate  and  carbonate  of  lime, 

and  the  hard  envelopes  of  Insects  of  a  pecuhar  animal  principle  termed 

Ai7ine  (combined  with  phosphate  of  lime  where  any  calcareous  matter 

dsts),  the  shells  of  the  Cirrbopoda  consist,  like  those  of  Molluscous 

mats,  almost  entirely  of  carbonate  of  lime,  and  possess  a  more  distinct 

rystalline  structure  than  those  of  Crabs.     Each  division  of  the  shell  has  a 

Jove  along  its  edges,  leading  to  a  series  of  tubes  and  cavities  in  its  sub- 

e  into  which  the  mantle  (as  it  is  called  in  the  Mollusca,  answering  to 

the  skin  of  other  animals),  is  prolonged,  for  the  purpose  of  depositing 

additional  matter  when  required.     One  division  of  this  class,  the  Balani 

(Acoru-shells),  have  the  bases  of  their  pyramidal  shells  fixed  upon  rocks, 

shells,    and  not  unfrequently  upon  hving  animals  ;    whilst  the  Lepades 

(Barnacles)  attach  themselves  to  floating  bodies  by  a  membranous  tube, 

sometimes  of  considerable  length.    They  appear  to  draw  their  food  to  them 

in  a  whirlpool,  which  they  create  by  the  motion  of  their  jointed  arms 

and  of  the  cilia  (§   146)  with  which  they  are  fringed.      The  changes 

which  the  animals  of  this  class  undei^  during   the   progress  of  their 

development,  have  recently  been  made  a  peculiar  object  of  enquiry  ;   and 

the  very  unexpected  result  has  been,  (bat  the  young  animals,  on  their 

Uberation  from  the  egg,  are  found  to  possess  a  tbrm  much  more  analogous 

to  that  of  the  lower  Crustacea,  than  to  that  which  they  are  ultimately  to 

I  •asume.     Four  stages  have  been  described  by  Bunueister,  as  being  pre- 

I  .wnted  by  the  animal  subsequently  to  its  emersion  from  the  egg.     In  the 

I  fcrst,  it  is  possessed  of  no  hard  covering,  has  two  long  anfennie,  and 

I  l&rtf  purs  of  arms  tipped  with  bristles,  by  which  it  freely  moves  through 

I  the  water ;   and  it  is  believed  to  be  furnished  with  eyes.     At  a  subsequent 

I  -l^e,  the  animal  fixes  itself  by  its  antennie,  and  the  shell,  of  leathery 

I  iMnaistence,  begins  to  be  formed  in  one  piece  at  the  back  of  the  body ; 

MjtaA  at  tliis  period  the  eyes  are  very  distinct  and  brilliant,     lu  tiM  t^ivtft. 
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stage,  the  dmsiona  of  tlie  shell  begin  to  appear,  and  it  more  compli 
encloses  the  animal,  at  the  same  time  becoming  more  solid  by  the 
tion  of  calcareous  matter.  Soon  after  the  animal  completely  fixes  itself, 
the  old  integuments,  together  with  the  antemiffi  and  eyes,  are  thrown 
off.  The  fourth  stage  la  that  in  which  the  development  is  completed. 
Although  the  ciUated  arms  of  adult  Cirrhopoda  evidently  possess 
sensibility  to  touch,  no  organs  of  special  aeusation  can  be  detected 
them.  Some  observers  have  remarked,  however,  that  they  shrink 
a  strong  light  brought  to  shine  upon  them  suddenly  ;  and  Dr.  Coldsti 
has  noticed  the  closure  of  the  opercula  of  the  Balani,  ou  the  movement  of 
the  band  or  other  part  of  the  body  in  their  riciiuty. 

126.  Besides  these  classes,  which  are  all  tbat  are  included  by  many 
uaturabsts  in  this  sub-kingdom,  there  are  two  others  which  present  its 
characters  in  a  lesa  degree,  and  the  situation  of  which  may  be  regarded  as 
micertain.  One  of  these  classes  is  that  of  rotifera,  the  complex  struc- 
ture of  the  animals  composing  which,  was  long  overlooked,  owing  to  the 
minuteness  of  their  sisie.  The  class  is  a  very  circumscribed  one,  including 
only  the  WTieel-Animitfeides  and  their  allies,  which  have  been  separat 
from  the  common  Infusoria,  on  account  of  their  highly-developed 
and  muscular  systems,  as  well  as  of  the  com})lexity  of  their  mastti 
and  digestive  apparatus.  These  beautiful  little  animals  derive  their 
from  the  circular  arrangement  of  their  vibratde  cilia  (§  141),  which  appear 
when  in  motion  like  revolving  wheels,  and  by  the  action  of  which  they 
not  only  move  from  place  to  place,  but,  when  they  have  fixed  tliemselves 
by  the  sucker  at  one  estremitv,  create  a  vortes  in  the  surrounding  water, 
which  brings  the  food  to  their  months,  and  probably  aerates  their  circulat- 
ing fluid.  Some  species,  when  their  wheels  are  closed  up,  present  an 
appearance  not  very  dissimilar  to  that  of  the  Leech  ;  the  body  being  then 
elongated,  furnished  with  a  sucker  at  each  end,  and  having  some  trace  of 
'segments  ;  whilst  others  approach  the  simjile  Crustacea,  both  in  form  and 
structure  ;  and  others,  again,  are  so  far  modified  in  structure  as  to  present 
an  evident  transition  to  the  Ciliohrachiate  Polypes  (§  152).  The  common 
Rotifer  vitl.gari»  (Pig.  77)  has  a  wheel  on  each  side  of  its  prolonged  head, 
and  two  spots  on  the  latter,  beUeved  to  be  eyes.  Within  the  body  is  ■ 
yery  cmous  masticating  apparatus,  which  is  seen  to  move  with  great 
energy  and  regularity  when  the  wheels  are  in  action.  The  nervous  card 
is  very  distinct,  being  usually  double  above,  where  it  surrounds  the 
oasophagus,  and  single  below  ^  and  it  possesses  ganglia,  particularly  at  its 
upper  part,  where  the  principal  movements  of  the  body  are  executed.  lu 
proportion  to  the  complexity  of  their  organisation,  this  class  is  endowed 
with  remarkable  tenacity  of  hfe ;  many  of  its  members  being  capable  of 
revival  after  entire  desiccation.* 

"  This  fiitt  has  beeo  iloubtcd  by  gome  high  authorities,  eapecialiy  by  Ehienberg,  who 
itates  that  he  has  never  sttcceeded  in  [irodudnH  this  revival.  The  following  stBlement  of 
inj-  own  experience  on  (he  subject  may  not  therefote  be  undeairable.    In  the  n 
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127.  The  second  of  the  classes  alluded  to  is  that  of  the  entozoa  or 
parasitic  worms ;  this,  however,  includes  animals  as  various  in  structure 
as  the  different  Vertehrated  animals  inhabiting  the  same  country ;  and 
although  it  has  been  made  a  subject  of  distinct  study  by  many  naturalists, 
there  can  be  httle  doubt  that  it  should  be  divided  into  at  least  two  principal 
groups,  the  degree  of  organisation  of  which  is  widely  diflTerent.  One  of 
these  contains  those  species  which  possess  a  nervous  system  more  or  less 
developed,  and  a  distinct  intestinal  tube,  having  walls  distinct  from  the 
general  substance  of  the  body,  with  an  orifice  at  each  end ;  to  this  group, 
the  Vers  camtaires  of  Cuvier,  the  name  Coelelmintka  has  been  given  by  Mr. 
Owen.  These  unquestionably  deserve  a  place  among  the  Articulata ;  as 
many  of  them  show  traces,  not  only  of  a  division  of  the  body  itself  into 
segments,  but  also  of  the  evolution  of  articulated  members,  and  of  organs 
of  special  sensation.  This  is  the  case  among  the  very  curious  Lemem 
recently  described  particularly  by  Nordnann,  as  attaching  themselves  to 
the  eyes  of  Fishes ;  they  approach  the  lower  Crustacea  in  complexity  of 
structure,  possessing  not  only  distinct  jaws,  but  rudimentary  antennae,  and 
having  the  body  divided  into  segments,  of  which  three  form  a  thorax  se- 
parate from  the  head  and  abdomen,  and  of  which  each  is  furnished  with  a 
pair  of  rudimentary  legs.  Others,  again,  belonging  to  this  division,  bear 
more  resemblance  to  the  lower  Annelida ;  such  are  the  Filaria  or  Guinear 
worm,  which  burrows  beneath  the  skin  in  tropical  regions,  and  the  Mcaria 
lumbricoidea  or  Round-worm  of  the  intestines. 

128.  The  other  division  of  the  Entozoa  contains  those  in  which  no 
distinct  traces  of  a  nervous  system  or  of  members  are  to  be  detected ;  and 
in  which  the  intestinal  canal,  where  it  exists,  is  merely  hollowed  out  of  the 
general  soft  tissue  of  the  body.  To  this  group,  termed  Vers  parefichyma- 
teux  by  Cuvier,  the  name  Sterelmintha  has  been  given  by  Mr.  Owen. 
It  includes  a  great  variety  of  forms  ;  in  some  of  which  the  Articulated  cha- 
racter is  distinctly   retained,  whilst  in  others  it  seems  altogether  lost. 

1835, 1  placed  a  dozen  specimens  of  the  Rotifer  vulgaris  in  a  drop  of  water,  on  a  slip  of 
glass,  and  allowed  the  water  to  dry  up,  which  it  did  speedily,  the  weather  being  hot.  On 
the  next  day  I  examined  the  glass  under  the  microscope,  and  observed  the  remains  of 
the  animals  coiled  up  into  circles, — a  form  which  they  not  unfrequently  assume  when 
alive, — but  so  perfectly  dry  that  they  would  have  splintered  in  pieces  if  touched  with 
the  point  of  a  needle.  1  then  covered  them  with  another  drop  of  water ;  and  in  a  few 
minutes  ten  of  them  revived,  and  speedily  began  to  execute  all  their  regular  movements 
with  energy  and  activity.  After  they  had  remained  alive  for  a  few  hours,  I  again  al- 
lowed the  water  which  covered  them  to  dry  up,  and  renewed  it  on  the  following  day  with 
the  same  result.  This  process  I  repeated  six  times  ;  on  each  occasion  one  or  two  of  the 
animals  did  not  recover,  but  two  survived  to  the  last ;  and  with  these  I  should  have  ex- 
perimented again,  had  I  not  accidentally  lost  them.  It  is  possible  that  the  q>ecies  on 
which  Ehrenbeig  and  other  foreign  naturalists  have  experimented,  may  not  be  the  same 
as  that  which  I  and  other  English  observers  have  used.  This  tenacity  of  life  appears 
peculiarly  adapted  to  the  habits  of  the  animal,  which  prefers  shallow  waters  that  are  liable 
to  be  occasionally  dried  up.    See  §  194  for  analogous  facts  in  the  Vegetable  Kingdom. 


Among  the  best-known  species,  the  Tania  solium  (Tape-worm)  may  be 
mentioned  as  a  characteristic  example  of  the  higher  part  of  the  group. 
This  animal  has  sometunes  attained  a  length  of  ten  feet ;  its  hreadth  varies 
from  a  quarter  of  a  line  at  its  anterior  part,  to  three  or  four  lines  at  its 
posterior  part,  where  it  agmn  gradually  diminishes.  The  head  is  small, 
and  possesses  four  mouths,  surrounded  by  a  double  circle  of  small  hooks. 
The  segments  of  the  body  are  very  numerous,  sometimes  amounting  to  several 
hundreds  ;  in  each  the  reproductive  apparatus  is  repeated  ;  but  they  are  all 
connected  by  the  nutritive  canal  proceeding  from  the  month.  It  has  Wn  the 
opinion  of  some  naturaUsts  that  each  segment  of  the  Tienia  might  be  re- 
garded as  a  distinct  animal.  This,  however,  cannot  be  upheld  [  as  it  is  found 
that  the  existence  of  the  head  is  essential  to  the  life  of  the  body  ;  and 
that,  if  broken  off  with  some  joints  attached,  it  continues  to  grow  mid  form 
new  ones,  whilst  those  which  have  been  separated  from  it  die,  and 
are  expelled  from  the  intestine.  The  Vibriot,  of  which  some  sjiecies,  com- 
monly known  under  the  name  oi'  Eelg,  abound  in  sour  paste  and  vinegar, 
may  be  regarded  as  simpler  forma  of  this  group,  retaining  the  vermiform 
character,  and  having  a  distinct  intestinal  canal ;  other  species  arc  parasitic 
in  living  vegetables,  causing  the  disease  termed  ear-cockles,  or  purples,  in 
wheat.  With  these  and  other  simply-organised  species  may  be  associated 
a  very  curious  parasite  which  has  been  lately  discovered  to  be  of  no  im- 
frequeut  occurrence  in  the  muscles  of  the  human  body  ; — the  Trichina  Spi- 
ralis  (Fig.  91),  a  little  worm-Uke  animal,  about  j^  th  of  an  inch  in  length, 
and  TMth  of  an  inch  in  diameter,  without  any  definite  head,  and  with  but 
very  uncertain  indications  of  a  mouth  and  alimentary  canal.  This  httle 
worm  is  only  found  in  the  ceUular  tissue  between  the  fibres  of  muscle,  and 
lies  coiled  up  in  a  minute  cyst  formed  by  inflammation  of  the  substance 
around ;  and  it  is  curious  that  it  is  confined  to  the  muscles  of  animal  life, 
the  ahmentary  canal  being  entirely  free  from  them  between  the  pharynx 
and  Ihe  rectum,  even  when  the  voluntary  rauscles  of  the  two  extremities  of 
the  tube  have  been  thickly  beset  with  them.  Such  beingis  exhibit  the 
Vermiform  type  reduced  to  its  lowest  condition ;  and  have  been  erected  into 
a  separate  group  by  Mr.  Owen,  under  the  name  of  Protelmintha. 

129.  In  other  tribes  of  this  group,  the  Vermiform  or  Articulated 
character  cannot  be  traced ;  and  some  approaches  to  a  Radiated  structure 
present  themselves.  This  is  the  case,  for  instance,  in  the  Cijsticercits,  the 
body  of  which  is  n  globular  sac,  from  the  interior  of  which  ova  are 
developed ;  whilst  the  heail,  which  projects  from  one  side  of  it,  is  armed 
with  a  eirciUar  set  of  spines  and  suckers,  for  the  imbibition  of  nutriment. 
A  very  common  parasite  of  greater  simplicity  is  the  Hydatid,  or  Acephalo- 
cyst,  which  consists  of  a  globular  membranous  bag,  containing  a  limpid 
colourless  fluid,  but  destitute  of  a  head.  This  so  much  resembles  certain 
cysts  which  are  occasionally  formed  by  an  irregularity  in  the  nutritive  pro- 
cesses, that  much  (loiibl  has  been  felt  whether  it  should  be  regarded  as 
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possessing  an  independent  existence.  The  best  observers  agree  in  stating, 
that  the  Hydatid  is  impassive  under  the  application  of  stimuli  of  any  kind, 
and  that  it  manifests  no  contractile  power,  save  such  as  evidently  results 
from  elasticity  ;  in  short,  that  it  neither  feels  nor  moves,  nor  exhibits  any 
distinctly  animal  character.  Its  power  of  reproduction,  however,  by  the 
formation  oi  gemnue  or  buds  between  its  layers,  shows  it  to  be  entitled  to 
the  rank  of  an  independent  being ;  the  young  Hydatids  being  thrown  off 
internally  or  externally,  according  to  the  species.  If  the  views  formerly 
offered  (§  96),  however,  on  the  subject  of  the  parasitic  Fungi,  should 
ultimately  be  received  as  an  established  doctrine,  it  will  not  be  difficult  to 
apply  them  to  such  structures  as  the  present,  which  approach  so  near  to 
the  morbid  growths  spontaneously  arising  in  the  bodies  of  higher  animals. 
With  the  Entozoa  are  commonly  associated  the  Planaria,  on  account  of 
their  general  similarity  of  structure,  although  they  are  not  parasitic,  but 
inhabit  fresh  water. 

130.  It  is  the  necessary  result  of  any  Natural  system  of  classification, 
that,  in  pursuing  one  type  of  organisation  through  all  the  forms  in  which 
it  manifests  itself,  we  are  led  from  the  highest  and  most  complicated,  to 
creatures  of  such  simpHcity  as  to  be,  in  reality,  of  a  lower  rank  than  others 
belonjging  to  a  groi]^  which,  considered  as  a  whole,  is  below  that  in  which 
they  are  included.  Even  amongst  the  Vertebrated  classes,  there  are,  as 
we  have  seen  (§  1 14),  some  species  which  must  be  regarded  as  inferior  in 
general  character  to  the  more  elevated  among  the  Articulata,  and  which 
actually  present  the  greatest  affinity  with  members  of  the  lower  classes  of 
the  latter.  The  typical  character  of  the  Vertebrata  is  unquestionably  much 
higher  than  that  of  the  Articulata,  and  yet  it  may  be  presented  in  such  a 
d^raded  form  as  scarcely  to  be  recognisable.  In  the  same  manner,  al- 
though the  active  locomotive  powers  and  acute  sensations  of  the  Articulata 
in  general,  would  seem  to  entitle  them  to  a  place  in  the  animal  series 
above  that  assigned  to  the  Mollusca, — ^a  large  proportion  of  the  beings  in- 
cluded in  the  latter  group  must  be  regarded  as  much  more  elevated  than 
the  simpler  Vermiform  tribes  we  have  been  last  considering,  amongst 
which  the  typical  characters  of  the  sub-kingdom  are  presented  in  their 
least  evident  condition. 

131.  The  range  of  animal  forms  comprehended  in  the  sub-kingdom 
Mollusca,  is  so  great,  that  it  would  be  difficult  to  include  them  by  any 
character  common  to  all.  The  highest  class  approaches  Fishes  in  many 
points  of  its  organisation ;  and  in  the  lowest,  we  not  only  lose  many  of  the 
peculiarities  of  the  division,  but  we  find  a  number  of  distinct  individuals 
associating  to  form  a  compound  animal,  as  is  the  case  with  many  among 
the  Radiata  (§  140).  In  all  the  Mollusca,  the  body  itself  is  of  soft 
consistence,  as  its  name  imports,  and  is  enclosed  in  a  soft  elastic  skin, 
lined  with  muscular  fibres,  which  is  termed  the  mantle.  This  skin  is 
frequently   not  applied   closely  to   the   body,  but   forms  a  membranous 
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bag,  b&Tiiig  apertures  for  the  adinissioQ  of  the  siuTOUiittiug  vftter  to  the 
mouth  and  respiraton-  o^ans,  which  are  situated  witlim  it,  as  well  as  for 
its  subsequent  ejection,  aud  also  for  the  protrusion  of  the  head  and  I 
where  these  organs  esist ;  sometimes  these  apertures  are,  for  pnrttco 
purposes,  extended  into  proboscis-like  tubes  (Fig.  83).  It  is  from  t 
surface  of  the  mantle  that  the  mkture  of  animal  and  calcareous  i 
is  exudt'd  that  forms  the  shell,  where  the  animal  is  fluiuBhed  ■ 
this  proteiition.  The  proportion  between  these  two  ingredients  < 
much  in  the  various  tribes.  Sometimes  the  shell  is  quite  hat 
containing  no  calcareous  matter ;  and  it  is  probably  formed  upO^I 
the  same  plan  with  the  homy  tissues,  which  are  appendages  to  t 
epidermis  in  higher  miimals  (§  42).  The  outer  layers  of  almost  all  s 
have  this  character,  aud  form  what  is  commonly  termed  the  ej/Ulennit, 
which  is  generally  removed  in  preserved  specimens,  since  it  impairs 
the  bnlliancy  of  their  exterior.  If  a  portion  of  shell  be  removed  from  the 
surface  of  a  living  Mollusc  (a  suail,  for  instance),  the  gap  is  iirst  tilled  up 
by  a  layer  of  homy  matter  exuded  in  a  fluid  state  from  the  mantle ;  and 
beneath  this,  additional  layers  are  afterwards  formed,  containing  earthy 
matter,  and  constituting  true  shell.  It  is  probable,  therefore,  that  sucli 
shells  consist,  like  the  epidermis  of  Vertebrata,  of  membranous  cells;  in  tlie 
cavities  of  which  the  calcareous  matter  is  deposited.  Li  some  shells,  how- 
ever, the  quantity  of  animal  matter  is  so  small,  that,  when  the  earthy  matter 
is  removed  by  acid,  it  does  not  retain  any  definite  form.  The  shell  is  most 
solid  and  massive  in  those  species  which  lead  an  inactive  life ;  and  is 
usually  very  light  and  thin,  or  altogether  deficient,  in  those  whose  powers 
of  locomotion  are  greater.  As  it  does  not  inclose  the  whole  body,  there  ia 
no  occasion  for  the  exuviation  which  takes  place  in  the  covering  of  the 
Crustacea;  or  for  the  division  into  segments  and  addition  to  the  edges  of 
each,  which  arc  necessary  to  meet  the  wants  of  the  Cirrhopoda :  and, 
accordingly,  we  find  that  the  size  of  the  shell  is  progressively  increased  by 
deposits  of  new  matter  from  the  mantle,  lining  its  interior  aud  extending 
beyond  the  margin  (where  the  mantle  is  usually  thickened  into  a  glandular 
structure), — this  ejitension  taking  place,  whenever  the  wants  of  the  animal 
require  such  an  additiou  to  its  covering.  The  Mollusca  possess,  in  general, 
a  complicated  digestive  and  eirculatiug  apparatus ;  hut  they  are  very  im- 
perfectly provided  with  the  organs  of  sensation  and  voluntary  motion, 
The  greater  number,  indeed,  are  formed  for  an  existence  as  completely 
stationary  as  that  of  the  Zoophytes,  which  grow  like  a  tree  from  a  fised 
base  ;  and  are  dependent  for  their  nourishment  on  the  supphes  of  food 
casually  brought  within  their  reach  by  the  waves  and  currents  of  the 
ocean.  As  among  the  Cirrhopoda,  however,  even  the  species  which  are 
afterwards  to  become  attached,  swim  about  freely  in  their  immature 
state. 

\3'J.  Anioug  the  cepualopoda  (so  named  on  account  of  the  position 
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of  the  feet  around  the  head)  or  Cuttle-fish  trihe,  we  find  not  only  Unks  of 
connection  with  Fishes,  but  also  some  curious  analogies  with  more  remote 
groups.  Thus,  the  animals  of  this  class  possess  a  beak  composed  of  two 
firm  homy  mandibles,  like  those  of  the  Parrot  in  form  ;  and  are  furnished 
with  a  muscular  stomach  like  the  gizzard  of  Birds.  The  beak  encloses  a 
large  fleshy  tongue ;  and  in  the  head  are  also  situated  well  developed  eyes, 
a  distinct  organ  of  hearing,  and  what  is  probably  a  rudimentary  form  of 
the  oi^an  of  smell.  There  are  two  distinct  groups  in  this  class,  which  are 
particularised  by  the  number  of  their  giUs ;  but  their  general  structure  is 
so  different  as  to  require  separate  notice.  In  the  highest  of  these  di^4sions, 
which  contains  the  common  Sepia  (Cuttle-fish),  LoUgo  (Calamary),  &c., 
there  is  (with  the  exception  of  the  Argonaut  or  Paper  Nautilus)  no  ex- 
ternal shell  enclosing  the  body ;  although  a  rudiment  of  it,  which  is  fre- 
quently quite  homy  from  deficiency  of  calcareous  matter,  exists  within  the 
folds  of  the  mantle  on  the  back.  Where  this  is  the  case,  the  nervous 
system^  which  possesses  in  these  animals  a  very  elevated  character,  would 
be  almost  entirely  destitute  of  protection,  were  it  not  partly  enveloped  by 
cartilaginous  plates,  which  may  be  regarded  as  the  first  indication  of  the 
neuro-skeleton,  manifested  where  the  dermo-skeleton  is  least  developed. 
All  the  Cephalopoda  which  are  destitute  of  an  external  shell,  are  provided, 
in  the  ink-bag,  with  a  remarkable  means  of  escape  from  their  enemies ; 
the  dark  pigment  contained  in  it  being  ejected  upon  the  sHghtest  alarm, 
and,  by  its  rapid  diffusion  through  the  water,  serving  to  conceal  them 
effectually.  The  locomotive  apparatus  of  this  division  consists  not  only  of 
the  arms  (eight  or  ten  in  number)  disposed  round  the  head,  but,  among 
the  long  slender-bodied  Cuttle-fish,  in  which  these  arms  are  least  deve- 
loped, of  fins  attached  to  the  sides  of  the  body  (Fig.  78,  <7,  a),  and 
furnished  with  cartilaginous  supports,  which  seem  to  be  the  rudiments  of 
the  more  perfect  members  of  Fishes ;  by  these  they  are  able  not  only  to 
propel  themselves  through  the  water,  but  even,  it  is  believed,  to  spring  out 
of  it  like  the  Flying-Fish.  In  the  common  Octopus  or  Poulp,  the  feet  are 
connected  for  some  distance  round  the  mouth  by  membranes  and  muscles 
which  form  a  kind  of  circular  fin ;  whilst  in  the  Argonauta  or  Paper 
Nautilus,  the  first  pair  of  arms  is  provided  with  two  expanded  membranes, 
which  the  animal  has  been  supposed  to  erect  into  the  air  as  sails.  This 
use  of  them  has  been  a  subject  of  poetic  imagery  in  all  ages  ;  but  it  was 
sometime  ago  remarked  by  Mr.  Owen,  that,  as  the  same  appendages  are 
possessed  by  two  other  species,  of  which  neither  inhabits  a  shell,  and  in 
which  the  expanded  membranes  could  not  be  used  "  to  waft  the  animal 
along  the  surface  of  the  ocean,  as  has  been  said  and  sung  of  the  Argonaut 
from  Aristotle  to  Cuvier,  from  Callimachus  to  Byron,"  the  physiologist  is 
compelled  to  abandon  the  idea  as  altogether  a  poetic  fiction ;  and  recent 
observation  of  the  Uving  animal  has  shown,  that  these  expanded  arms  are 
usuaUy  wrapped  round  the  exterior  of  the  shell,  and  that  it  is  by  a  secre- 
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tioQ  from  their  surface  that  the  shell  is  cstendcd  during  the  growth  of  ti 
Emimal,  and  repaired  aJ^r  injur;. 

133.  The  second  division  of  the  Cephalopoda  contains  those  which 
inhabit  a  shell,  and  which,  from  their  comparative  inactivity,  and  their 
general  inferiority  of  development,  as  well  as  from  particular  points  in  their 
organisation,  may  be  regarded  as  connecting  the  group  already  described 
with  the  inferior  Mollusca.  Instead  of  the  few  long  powerful  arms  whicli 
the  Cuttle-fish  exhibits,  the  true  Nautilus  and  its  allies  have  the  mouth 
surrounded  with  very  numerous  short  and  comparatively  feeble  teutacnla, 
which  resemble  those  of  many  Gasteropoda.  It  is  thus  seen  that  the  feet 
or  arm»  by  which  this  class  is  characterised,  hare  really  no  analogy  to  cor- 
responding parts  in  Vertebrata,  but  are  simply  an  escessively  developed 
form  of  a  structure  which  is  common  to  other  tribes  of  MoUusca,  and  of 
which  traces  may  be  found  in  Fishes  (§  114).  The  organs  of  sensation  in 
this  division  appear  less  acute  than  those  of  the  naked  Cephalopoda  (those 
unprovided  with  an  external  shell)  ;  and  that  of  hearing  seems  altogether 
absent.  Like  other  testaceous  MoUusca,  the  animals  of  this  division 
possess  no  organs  of  rapid  locomotion  ;  but  the  Nautilus  probably  walks 
upon  a  large  muscular  disk,  resembling  the  foot  of  the  Gasteropoda.  Tin- 
structure  of  their  sheD  is,  however,  peculiarly  interesting.  In  nil  sjjecii-s 
at  present  known,  it  is  spiral,  and  divided  by  transverse  septa  or  partitions 
into  chambers,  in  the  largest  and  external  one  of  which,  the  iK>dy  a 
enveloped  (Fig.  79).  When  its  bull;  has  increased  so  as  to  be  too  great 
for  the  chamber,  the  animal  forms  a  new  one  by  prolonging  the  mouth  of 
the  shell ;  and  at  the  same  time,  it  throws  a  septum  across  the  portion  it 
has  quitted.  It  still  retains  a  communication,  however,  with  the  empty 
chambers,  by  means  of  a  membranous  tube,  termed  the  siphuncle,  a,  o, 
whieb  passes  through  all  the  septa,  and  is  capable  of  considerable  disteo- 
sion.*  A  spiral  chambejed  shell,  although  forming  the  prominent  cha- 
racter of  this  group,  is  not,  however,  altogether  restricted  to  it.  For  even 
the  flat  bone  of  the  Cuttle-fish  exhibits  traces  of  a  corresponding  structure ; 

*  By  tills  atructuce,  the  animal  appears  to  be  enabled  to  rise  or  fall  in  the  water  s( 
pleasure.  It  »ould  aeem  that  the  specific  gravilj  of  the  body  ftiid  ihell  are  bo  oieelr 
adapted  to  that  of  their  element,  that  a  yery  littie  ditterenee  will  cause  it  tu  sirim  or 
Biak.  When  the  animal  is  at  the  Burface  and  wishes  to  sink,  it  forces  into  the  ^phuDclE 
a  quantity  of  water  previously  contained  in  the  pericardium  or  hag  enclosing  tlie  heart; 
the  diatension  of  the  siphuncle  eompresEea  the  air  in  the  chamherg,  and  Ihe  bulk  ofthe 
exterior  of  the  body  being  thereby  diminished,  its  specific  gravity  is  increased,  and  il 
consequently  unks.  When  it  wishes  to  rise,  it  has  only  to  withdraw  the  pressure  from 
the  pericardium  ;  the  elasticity  ofthe  lur  in  the  chambers  forces  the  water  back  from  tJic 
riphuncle  into  the  external  cavity,  and  thus,  by  increaaing  its  total  hulk,  renders  its  spe- 
cific gravity  again  less  than  that  of  the  water.  This  account,  which  has  been  recently 
given  by  Dr.  Buokland  in  his  Bridgwater  treatise,  is  the  oniy  satisfiictory  eiplanation  yet 
offered  ofthe  use  of  Ihis  apparatus  ;  but  it  will  not  apply  to  those  coies  in  which  thr 
tnlu'  is  shelly  thrnuffhont. 
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a  the  Spintia,  a  shell  very  aimilKr  to  that  of  the  Naiitihis  is  enveloped 
Iprithin  the  body,  thi^  aitimal  itself  resembling  a  Sepia.     And  among;  the 

inct  species,  althongb  affinity  uf  structure  iinduuhtcdiy  places  the 
ffauHlitcs  in  the  same  position  with  the  existing  Nautilus,  the  Ammoniten 
',  like  the  Spirilla,  have  bad  their  sheila  cnebsed  wtthiu  the  body  :  and 
the  Belemnite,  which  possessed  a  conical  chambered  shell,  must  certainly 
be  associated  with  the  Sepia,  since  the  remains  uf  the  ink-bag  (which  is 
possessed  by  none  but  naked  Cephalopoda)  are  fouud  in  connection  with 
it.  A  very  interesting  point  in  the  stnicture  of  the  naked  Cephalopoda,  is 
the  organisation  of  the  tacken,  with  which  their  arms  are  copiously  pro- 
vided ;  these  are  adapted  to  lay  firm  hold  of  any  object  to  which  they  are 
applied,  by  tbe  creation  of  a  vacuum  beneath.  Tlic  food  of  most  of  this 
class  appears  to  consist  of  CmslaceB.  animals  which  might  have  been  sup- 
posed to  be  peculiarly  difficult  for  them  to  master ;  hut  they  probably  over- 
come their  prey  by  winding  their  arms  around  tbeir  claws  and  legs,  whose 
motioD  they  prevent  by  tbeir  suckers,  and  then  tear  off  the  shell  with  their 
firm  homy  mandibles. 

134-  Tbe  PTEROPODA  form  a  small  class  of  MoUusca,  of  which  little 
need  be  said ;  they  derive  their  name  from  the  fin-like  expansions  of  the 
mantle  on  each  side  of  their  bodies,  on  the  surface  of  which  the  gills  are 
situated ;  but  these  fins  are  never  supported  by  rays.  The  head  is  pro- 
vided with  tentacula,  seldom  with  eyes,  but  with  a  very  comphcated 
apparatus  for  mastication.  The  body  is  frequently  tmproteeled ;  and  where 
a  shell  exists,  it  is  very  dehcate  and  almost  transparent.  Their  habits  are 
active,  and  they  are  oftcu  found  swimming  in  myriads  near  the  calm  sur- 
face of  the  ocean.  "  Their  delicate  structure,"  says  Dr.  Grant,  "  is  ill 
adapted  to  encounter  an  agitated  sco,  or  the  dangers  of  a  rocky  or  shallow 
shore ;  and  it  is  only  in  tbe  vast  and  deep  ocean,  that  their  elegant  forms 
and  colours  and  their  graceful  motions  delight  the  mariner's  eye,  when  the 
glassy  surface  of  the  still  sea  reflects  the  rays  of  the  setting  sun."  One  of 
the  most  common  species  of  this  class  is  tbe  httje  CUo  boreafu  (Fig.  80), 
which  exists  in  such  multitudes  in  the  arctic  latitudes,  as  to  constitute  the 
chief  food  of  the  whale.  The  shells  of  two  species  afford  indications  of 
a  transition  towards  the  Cephalopoda ;  one  resembling  in  its  straight  conical 
form  the  Belemnite  and  many  other  extinct  genera  of  that  class,  and  the 
other  having  a  partially-formed  chamber  at  tlie  lower  closed  extremity ;  and 
similar  evidence  is  afforded  by  their  internal  structure. 

135.  Of  the  large  number  of  species  included  in  the  class  rasteropoda 
(so  named  from  the  situation  of  the  muscular  disk  upon  which  the  animal 
creeps,  in  the  neighbourhood  of  the  digestive  organs),  some  are  entirely 
naked  or  destitute  of  shells ;  others  possess  a  small  shell,  covering  one 
part  of  the  body  or  imbedded  in  the  back,  as  in  the  Slug ;  whilst  others  are 
almost  entirely  enveloped  in  shells,  varying  in  form  from  the  simple  cone 
of  the  Limpet,  to  the  convoluted  spiral  of  the  Snail,  and  the  still  more 


complex  fabric  of  the  Murex.  Tliis  shell  is  always  formed  in  a  single  piee 
or  imitmlve,  except  in  the  Chitonay  where  it  is  composed  of  several,  u 
by  a  rather  complex  set  of  musclea  and  ligaments.  It  is  perhaps  amongst 
the  tribes  of  this  class  that  we  find  the  characters  of  the  Mollusca  in  general 
moat  prominently  displayed ; — the  high  development  of  the  nutritive  appa- 
ratus, combined  with  sluggisb  powers  of  locomotion ;  and  the  consequent 
deficiency  of  that  resemblance  between  the  two  halves  of  the  body,  which  is 
essential  in  an  auimal  adapted  to  rapid  movement,  and  which,  in  the  higfaor 
Molluaca,  has  triumphed  over  that  unequal  disposition  of  their  organs 
which  is  common  to  aU  the  rest  of  the  group  (§  172).  In  some  of  the 
naked  (shell-less)  and  more  active  species,  however,  the  whole  body  pos- 
sesses a  bi-lateral  symmetry ;  and  it  is  also  observable  in  one  group,  the 
Chitons,  which,  in  this  respect,  and  in  the  jointed  structure  of  the  shell, 
approach  the  Articulated  aeries,  being  connected  with  certain  Cmstacta 
through  the  extinct  Tn/obUes.  In  all  the  more  perfect  forms  of  this  class 
(which  are  usually  carnivorous),  the  head  and  eyes  are  distinctly  retained ; 
but  ID  the  naked  species  (which  are  mostly  vegetable-feeders),  these  organs 
are  not  always  evolved.  Many  curious  transitions  might  be  pointed  out 
between  different  groups,  indicated  by  the  form  of  the  shell.  Thus,  the 
passage  from  the  simple  cone  of  the  Patella  (limpet)  to  the  spiral  of  the 
Snail,  is  evident  in  sui;h  as  the  PUmpsis,  where  the  point  of  the  cone  it 
prolonged  and  somewhat  convoluted  (Fig.  81)  ;  and  the  gradations  are  so 
close  as  to  make  it  difBcult  to  drawa  distinct  hne  of  separation.  From  the 
spiral  we  may  return  again  to  the  long  straight  form  of  the  shell,  by  the 
Spalaiia  jtredma,  in  which  the  turns  of  the  spire  touch  each  other  only  al 
the  ribs ;  and  by  the  Fermetua  and  Moffilua  (Fig.  S2),  in  which  the  com- 
mencement only  of  the  shell  possesses  a  spiral  form,  the  remainder  being 
prolonged  into  a  straight  tube,  so  as  to  have  led  to  the  opinion  of  their 
affinity  with  the  Serp«!ee,  wliich  among  the  Annelida  form  a  shell  by  no 
means  dissimilar.  The  Magilas  is  ou  animal  which  lixes  itself  on  conl 
beds,  aud,  as  their  thickness  increases,  it  is  obliged  to  prolong  its  shell  to 
their  surface ;  sometimes  to  such  an  extent,  that  the  animal  leaves  alto- 
gether the  spiral  portion  first  formed,  which  it  fills  up,  more  or  less  com- 
pletely, by  a  deposition  of  solid  calcareous  matter,  and  entirely  resides  in 
the  tube.  The  Fennetua,  which  ia  similarly  circumstanced,  throws  a  septum 
across  the  part  which  it  has  quitted,  closely  resembling  that  of  the  cham- 
bered shells  among  the  Cephalopoda,  and,  in  fact,  differing  only  by  the  want 
of  a  siphuncle.  Instances  of  a  similar  tendency  occur  among  other  Mol- 
lusca (§  138).  The  shell,  it  must  be  recollected,  is  simply  an  exudation 
from  the  skin;  and  the  characters  of  the  animal  alone  can  he  regarded  in 
a  classification  strictly  natural.  In  the  naked  species  of  Gasteropoda,  espe- 
cially those  which  inhabit  the  land,  the  skin  is  thick  and  dense,  so  as  to 
afford  a  certain  degree  of  protection ;  in  others,  which  have  no  sheU  exipr- 
nally,  a  small  one  is  imbedded  within  their  substance  ;  and  amongst  those 
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which  have  an  external  shell,  every  variety  is  presented  in  the  degree  in 
which  it  is  capable  of  affording  protection  to  the  entire  animal.  Where  the 
head  and  respiratory  organs,  which  are  usually  situated  near  the  entrance 
to  the  shell,  are  capable  of  being  entirely  drawn  within  it,  there  is  not  un- 
frequently  a  tubular  prolongation  of  the  mantle,  adapted  to  a  channel  in  the 
columella  or  central  pillar,  round  which  the  spire  turns,  for  the  purpose  of 
conveying  water  to  these  organs  without  the  necessity  for  their  quitting  the 
shell.*  It  has  been  recently  shown  that  the  increase  in  the  diameter  of 
the  cone  is  extremely  regular,  so  that  the  form  of  the  spiral  follows  a 
mathematical  proportion  which  is  constant  for  each  species. f 

136.  The  shell  in  all  cases  is  enlarged  by  additions  to  its  interior  sur- 
face ;  a  new  layer  being  thrown  out  by  the  mantle,  which  projects  beyond 
the  former  ones,  and  thus  increases  both  the  length  of  the  spire  or  cone, 
and  the  diameter  of  its  outlet.  In  terrestrial  shells,  when  full  growth  has 
been  attamed,  a  rim  or  margin  is  formed  around  the  aperture,  which  serves 
to  strengthen  the  whole  fabric;  whilst  in  several  marine  species,  which 
attain  to  much  lai^r  dimensions,  additions  to  the  shell  are  made  after  such 
a  mai^in  has  been  formed ;  so  that  the  shell  has  a  ribbed  appearance,  each 
rib  having  been  at  one  period  the  boundary  of  the  aperture.  This  margin 
is  sometimes  fringed  with  spines,  as  in  the  Murex,  which  are  formed  by 
prolongations  of  the  mantle ;  and  the  dissimilar  number  of  these  spines  has 
led  to  the  establishment  of  many  distinct  species,  which,  when  the  habits 
of  the  animal  were  better  known,  have  proved  to  be  but  different  forms  of 
the  same.  For  it  now  appears  that  the  animal  has  not  only  the  power 
of  forming  new  spines,  but  of  removing  old  ones,  especially  such  as  would 
interfere  with  the  continued  growth  of  the  shell.  How  the  absorption  of 
shelly  matter  from  their  base,  which  causes  them  to  drop  off,  is  effected,  is 
still  unexplained ;  various  analogous  phenomena  may  be  witnessed  among 
other  species,  portions  of  the  shell  first  formed  being  wholly  or  partly 
removed.  Sometimes  the  walls  of  the  older  portion  are  thinned  for  the 
purpose  of  hghtening  the  shell,  and  the  same  object  seems  to  be  attained 
by  other  inhabitants  of  spiral  shells  in  a  different  manner ;  these  withdraw 
their  bodies  from  the  highest  part  of  the  cone,  throw  a  partition  across  the 
cavity,  and  then  allow  the  point  (which,  not  being  internally  supported,  is 
brittle,  and  appears  to  have  been  purposely  thinned,)  to  be  broken  off, 
leaving  the  shell  decollated  as  it  is  termed.^     It  must  be  borne  in  mind, 

•  The  tenn  mantle  being  frequently  employed,  as  it  might  appear,  synonymously  with 
Mn^  it  may  be  well  to  explain  again,  that  it  is  a  portion  of  the  skin  concerned  in  the 
secretion  of  the  shell,  differing  from  the  rest  in  its  thick  and  glandular  character ;  and 
sometimes  it  is  prolonged  considerably  farther  than  any  of  the  organs  which  it  encloses, 
either,  as  in  the  present  instance,  to  form  a  tube,  or  to  increase  the  surface  of  the  shell, 
or  to  form  the  spines  or  other  prolongations  from  its  edge. 

t  See  Moseley  in  Phil.  Trans.  1838,  p.  351. 

t  Mr.  S.  Stutchbury  informs  the  Author,  that  he  has  seen  the  Bulimus  forcibly  strike 
the  apex  of  its  shell  against  a  stone,  for  the  purpose  of  decollating  itself. 
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however,  that  the  changes  thus  effected  in  the  shell  are  not  the  eonsequenre 
of  any  interttitial  absorption,  such  as  takes  place  in  the  osseous  structures 
of  Vertebrata, — but  result  from  the  same  kind  of  power  of  mperjieial 
absorptiou,  as  appears  to  be  exercised  by  many  Gasteropoda  upon  cal- 
cflreous  rocks,  which  they  perforate  for  their  habitations,  as  well  as  upon 
the  shells  of  other  species  upon  which  they  feed.  It  is  believed  by  many 
that  this  power  consists  in  the  secretion  of  an  acid  which  decomposes  the 
suhstaace  ;  and  by  others  that  it  is  the  result  of  an  electrical  action  which 
separates  the  components  in  another  method ;  whilst  others  attribute  the 
removal  to  the  continual  friction  of  the  currents  of  water  created  by  the 
cilia  (§  146)  with  which  these  animals  are  abmidanlly  funiished. 

137.  Several  of  the  aquatic  species  of  this  class  form  not  merely  a  spiral 
shell,  but  an  accurately  fitted  cover  to  its  mouth,  so  attached  to  the  body 
that,  when  the  latter  is  entirely  withdrawn,  the  operculum,  as  it  is  called. 
completely  encloses  it.  Sometimes  this  is  homy,  but  not  imfrcquently 
calcareous ;  and  occasionally  it  bears  so  large  a  proportion  to  the  shell  aa 
almost  to  appear  like  a  second  valve,  such  as  is  characteristic  of  the  Con- 
chifera.  Some  of  the  land  species  also  possess  an  operculum  ;  but  in 
general  they  are  destitute  of  it,  and  form  during  hybernation  a  temporary 
closure  to  the  mouth  of  the  shell  by  a  viscid  secretion,  which  becomes  hard 
and  includes  a  bubble  of  air ;  behind  this  a  second  and  even  a  third  similar 
partition  are  occasionally  fotmd,  as  in  the  common  Snail.  In  a  marine 
species  allied  ia  the  snails  (JantMna),  the  matter  secreted  by  the  mantle, 
which  in  other  cases  forma  either  a  permanent  operculum  or  a  temporary 
partition,  appears  destined  for  a  very  different  purpose.  Wlien  the  sea  is 
calm,  according  to  the  statement  of  Bosc,  these  beautifiil  Violet-Snaila  niay 
he  seen  collected  in  large  bands,  swimming  over  the  surface  by  means  of  a 
floating  apparatus,  consisting  of  air-vessels  of  unequal  size,  produced  by 
a  membranous  secretion  from  the  foot.  When  the  sea  is  rough,  the  animal 
absorbs  the  air  from  its  vesicles,  changes  the  direction  of  its  foot,  contracts 
its  body,  and  lets  itseff  sink.  It  does  the  same  when  in  danger  botn  any 
enemy ;  and,  like  the  naked  Cuttle-fish  (which  the  peculiar  thinness  of  the 
shell  causes  it  to  resemble  in  the  want  of  other  protection),  colours  the  water 
by  the  emission  of  a  blue  fluid,  which  serves  \a  conceal  it. 

138.  The  next  class  to  be  considered  is  that  of  conchifera,  which 
includes  all  the  Mollusca  whose  shell  is  composed  of  two  principal  pieces, 
or  those  usually  termed  bivalve ;  there  are  species,  however,  (of  which  the 
common  Pholas  is  the  best  known)  whose  shell  is  composed  of  several 
pieces,  or  is  mitltivalve.  It  is  not  upon  the  structure  of  the  shells,  how- 
ever, that  the  division  is  formed;  but  upon  that  of  the  animals  contained 
in  them,  which  differs  essentially  from  that  of  the  individuals  composing 
the  class  last  described.  They  have  been  termed  Aeephatous  Mollusca, 
from  the  circumstance  of  the  head  being  undistinguished  from  the  rest  of 
the  body,  in  any  way  but  by  the  presence  of  the  mouth ;  for  no  special 
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IS  of  sensation  are  possessed  by  them,  except  perhaps  those  of  taate. 
"  I  seem,  however,  that  even  in  these,  there  is  some  sensihility  to 
it ;  aiid  ill  a  few  species,  which  are  endowed  with  more  than  the  usual 
Mmotire  powers  of  the  class,  some  traces  of  eyes  may  he  lUscoTered.  The 
mple,  are  free  swimmers,  and  from  their  rapid  and  desultory 
"  motions  hare  been  termed  the  Butterflies  of  the  ocean ;  the  manner  in 
which  these  motions  are  performed,  especially  on  the  approach  of  danger, 
indicates  the  possession  of  a  sense  analogous,  at  least,  to  that  of  ordinary 
vision.  In  general,  however,  the  Conehifera  are  peculiarly  inactive  ;  a  large 
proportion  of  them  remain  fixed  to  the  spots  they  have  originally  selected ; 
either  immediately,  by  the  attachment  of  the  shell  itself, — or  by  the  inter- 
vention of  the  by»tvg,  a  cord  formed  by  a  series  of  brown  silken  threads, 
I  loosely  intertwined,  connecting  the  foot  of  the  animal,  by  which  it  is  spun, 
I  with  rocks  or  other  secure  places.  The  two  valves  of  which  the  shell  is 
composed,  are  connected  by  a  hinge,  formed  of  teeth  that  lock  into  one 
another;  and  this  joint  is  sometimes  very  perfect,  and  so  pecnliar  in  its 
character,  that,  even  when  the  shells  are  dry,  it  allows  free  motion  of  tlic 
valves  without  permitting  them  to  he  separated,  In  general,  however,  the 
retention  of  the  valves  in  apjwsition  to  each  other,  is  due  to  a.  ligament 
attached  to  the  hinge  in  such  a  maimer,  that  its  elasticity  keeps  the  valves 
somewhat  apart,  unless  counteracted  by  the  action  of  the  muscle  in  the 
interior  of  the  shell,  which  draws  theui  together.  This  is  a  very  beautifiil 
provision  for  the  performance  of  tlie  animal  functions  without  difficulty  or 
effort ;  for  when  the  creature  is  undisturbed,  the  Ugament  keeps  the  valves 
open ;  hut  when  danger  is  apprehended,  or  circumstances  require  it,  the 
adductor  muscle  contracts,  overcomes  the  resistance  of  the  hinge,  and  shuts 
the  valves  close,  until  they  may  he  opened  with  safety.  One  of  the  earliest 
signs  of  the  loss  of  vitality  in  Conchifera,  is  the  unusually  wide  gapiug  of 
the  shell ;  this  arises  from  the  continuance  of  the  elasticity  of  the  ligament 
(which  does  not  disappear  as  long  as  its  structure  is  uudecom posed),  imba- 
lanced  by  the  vital  eontractihty  of  the  muscle.  The  valves  are  formed  and 
increased  by  successive  layers  secreted  from  the  mantle,  just  as  among  the 
Gasteropoda ;  hut  we  find  the  shell  here  attainiug  much  greater  size  and 
sohdity.  It  has  been  observed,  however,  that  the  quantity  of  calcareous 
matter  thus  deposited  as  a  protection  to  the  animal,  varies  with  the  cha- 
racter of  the  element  it  inhabits  ;  thus,  a  species  nhieh  in  calm  water  forms 
but  a  light  deUcate  shell,  will  sometimes  produce  one  of  a  solid  and  massive 
character,  if  its  habitation  be  among  the  agitated  waves  of  the  ocean.  A 
curious  provision  exists  among  Conchifera,  for  adapting  the  capacity  of  the 
ihell  to  the  size  of  the  body,  which  reminds  us  of  the  facts  already  men- 
tioned regarding  other  Mollusca  (§  1 33  and  I3(i).  An  Oyster  kept  without 
food,  will  frequently  expend  its  last  energies  in  secretuig  a  new  pearly  layer, 
at  a  distance  from  the  old  internal  surface  of  the  concave  valve,  correspond- 
ing to  the  diminution  of  bulk  it  has  experienced  during  its  last.     The 


Spondylus  repeatedly  does  the  same  thing ;  ao  that  its  concave  valTe,  wl 
i,  exhibits  a  large  number  of  regular  cluimbers.  which  bear 
evident  analogy  with  those  of  the  Nautilus ;  the  object  here,  however,  as  m 
the  Magilua,  is  to  prevent  the  animal  from  being  imbedded  by  the  growth 
of  the  eoral  to  which  its  shell  is  attached. 

139-  Although  usually  so  shiggish,  many  of  the  Conchifera  possess  con- 
siderable muscular  power,  which  is  manifested  iii  the  force  with  which  they 
draw  together  the  valves,  and  Bometimes  in  the  powerful  action  of  the  foot. 
Thus,  the  common  Cockle  can  take  considerable  leaps,  by  suddenly  extei 
ing  this  organ,  which  was  preiiously  bent  at  an  acute  angle ;  and  the 
specimeQ  of  Trigonia  discovered  by  Mr.  S.  Stutchbuiy  on  the  coast  of  Ni 
South  Wales,  having  been  placed  in  the  stem  of  the  boat  from  which 
was  dredging,  leapt  over  the  gunwale,  a  height  of  about  sis  inches,  ii 
sea.  This  feat  argues  a  power  of  vision  on  the  part  of  the  animal, 
states  that  the  animals  of  the  genus  Venus  may  be  seen  in  calm  * 
saihng  on  the  surface  of  the  waters,  using  one  of  their  valves  as  a  boat,  and 
the  other  as  a  sail.  No  special  oi^is  of  locomotion,  however,  seem  to  be 
evolved  in  this  or  other  cases  where  the  miimai  is  unattached ;  the  actiou 
of  the  foot  appearing  to  produce  the  more  rapid  and  violent  movements ; 
while  the  constant  ingestion  on  one  side,  and  Section  on  the  other,  of  the 
currents  of  water  which  are  to  pass  o\'er  the  respiratory  organs,  and  to 
supply  the  digestive  system,  would  seem  to  produce  the  slower  and 
e  of  water  occasionally  takes  place  by  n 
the  sac  of  the  mantle,  which  are  even 
iu  many  species,  however,  the  divisions  d 
valves,  are  not  connected  at  their  edges  to  any 
great  extent,  so  that  the  water  has  free  entrance  to  the  cavity  within  the 
shell.  To  the  class  Conchifera  belong  the  greater  part  of  the  boring-shells, 
which  have  so  remarkable  a  power  of  excavating  rocks,  timber,  &c. ;  the 
means  by  which  they  produce  the  elTect  are  still  obscure,  some  considering 
it  to  be  by  mechanical,  and  some  by  chemical  action.  The  tendency  among 
some  of  the  Gasteropoda  to  the  formation  of  an  enlarged  operculum  like  a 
second  valve,  has  already  been  noticed ;  the  transition  would  likewise  be 
established  by  the  bivalve  genus  Orbieida,  which  has  one  valve  formed  like 
the  shell  of  the  Patella ;  so  that  a  Norwegian  species,  in  which  the  lower 
valve  is  particularly  thin,  and  unattached  by  a  hinge  to  the  upper,  has  been 
described  as  belonging  to  the  last  order.  The  passage  to  the  lower  group 
of  Mollusca,  the  Tunicata,  is  so  (brect,  that  Lamarck  and  other  naturalists 
have  united  the  two  classes  under  the  general  title  of  Acephala. 

140.  The  TUNICATA,  or  naked  Acephala,  seem  to  establish  the  transition 
between  the  Mollusca  and  B-adiata,  by  connecting  the  class  last  described 
with  the  Polypiferous  tribes, — not  only  through  their  individual  structure, 
but  in  the  instances  they  present  of  the  association  of  a  number  ofsinj^ 
and  independent  beings  to  form  a  compound  animal.     The  Tunicata  are  of 


equable  motions.     This  passi 

of  two  restricted  openings  L 
longed  into  tubes  or  siphoi 
the  mantle,  lining  the  t 


id  to 
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soft  consistence,  unpossessed  of  a  shell,  but  having  their  organs  enclosed 
I  HI  a  stiff  leathery  envelope  or  mantle,  which  lias  two  openings,  onp  for  tho 
ingestion  of  water  to  the  mouth  and  gills,  the  other  for  its  ejection.  In 
'  the  general  stracture  of  their  organs,  the  bii;her  species,  which  are  usually 
free,  approach  very  closely  to  the  Conchifera;  whilst  the  simple  ones, 
which  are  attached  to  rocks,  &c.,  border  as  closely  upon  tlie  Polypes.  The 
external  tunic  possesses  considerable  contractility,  wliich  appears  to  be 
Bnder  the  control  of  the  animal ;  since,  when  alarmed,  it  ejects  the  water 
contained  in  its  cavity  with  considerable  force,  llic  Ageidiii  (Fig.  83)  is 
a  species  of  tliis  class  whieh  occurs  in  the  uorthcru  seas  and  attaches  itself 
smgly  to  rocks ;  and  in  it,  as  in  most  of  the  isohited  si»ecies,  the  two  aper- 
tures ore  at  no  great  distance  from  each  other.  Among  the  most  remark- 
able of  the  aggregated  species  are  the  Safpf  and  Pi/nmiina  of  warm 
latitudes.  In  these,  the  single  animal  has  a  form  somewhat  elongated, 
the  oral  aperture  being  at  one  end,  and  the  anal  at  the  other  ;  and  a  large 
number  associate  themselves  into  the  form  of  a  hollow  cylinder  (Fig.  84), 
each  individual  having  the  oral  opening  connected  with  the  central  passage, 
and  the  other  situated  externally.  In  the  Atlantic  species,  this  tube  is 
usually  about  five  inches  long ;  and  in  the  Mediterranean  it  sometimes 
attains  the  length  of  fourteen.  These  animals  are  highly  phosphoric ; 
and,  when  floating  on  the  surface  of  the  ocean,  exhibit  Dot  only  a  dazzling 
light,  but  the  most  brilUant  succession  of  colours.  They  do  not  appear  to 
possess  any  independent  power  of  locomotion,  except  that  conferred  by  the 
direction  of  the  curreiit  of  water,  which  is  always  entering  one  extremity  of 
the  tiibe,  and,  after  passing  through  the  bodies  of  the  little  animals  which 
compose  it,  is  ejected  externally  and  somewhat  in  the  opposite  direction. 
Although  closely  attached  to  one  another,  these  associated  animals  are 
capable  of  being  separateil  by  a  smart  shock  applied  to  the  sides  of  the 
vessel  in  which  they  are  swimming ;  and  it  apjiears  that  at  a  certain  period 
of  their  existence,  this  separation  takes  place  spontaneously  ;  their  associa- 
tion being  only  maintained  during  their  young  state,  when,  perhaps,  it  is 
required  for  their  mutual  support  and  protection  from  injury.  In  other 
species,  however,  the  separate  animals  are  imbedded  in  a  gelatinous  mass, 
in  which  calcareous  matter  is  sometimes  deposited,  and  the  exterior  oi 
which  is  occasiooally  thickened  into  a  tough  envelope  ;  between  these  indi- 
viduals there  seems  to  be  about  the  same  degree  of  connection  as  exists 
among  the  different  parts  of  many  compound  Polypifera  {§  151).  One 
interesting  form,  however,  has  recently  been  discovered,*  in  which  there  is 
an  absolute  union  between  the  vascidar  system  of  the  different  individuals, 
which  are  tUaposed  upon  the  branches  of  a  stalk  common  to  all  of  them. 
(See  §  357.) 

141.    We  now  arrive  at  the  5ul)-kingdom  Radiata,  which,  although 
decidedly  inferior  to  the   MoUusca    in    general  organisation,  cannot  be 

•  Liater  [n  Phil.  Trans.  183i. 


r^arded  as  specially  following  them  in  the  descending  scale, 
possesses  affinities  with  the  Articvdata.  The  peculinr  character  of 
beings  composing  this  division  of  the  Animal  creation,  consists,  as  has  heen' 
mentioned,  in  the  radiated  disposition  of  their  parts  round  a  common 
centre.  These  parts  are  usually  but  repetitions  of  each  other,  so  that,  even 
in  the  highest,  one  or  more  may  be  removed  without  injury  to  the  Amctions 
of  the  remainder;  and  such  beings  form  the  natural  links  of  transition, 
from  those  highly-elaborated  structures,  in  which  every  oi^;an  is  of  a  dif- 
ferent character,  and  dependent  for  the  due  performance  of  its  Junctions 
upon  the  integrity  of  the  rest, — to  those  more  simple  animals,  in  whicli  the 
different  parts  are  so  completely  repetitions  of  one  another,  as  not  only 
to  be  capable  of  removal  without  injury  to  the  welfare  of  the  system  at  largt^, 
bnt  even  to  possess  the  power  of  maintaining  an  independent  existence, 
142.  The  first  and  most  highly  organised  class  of  Radiated  animals 
that  of  ECHiNODERMATA  (prickle -slduued),  which  derives  its 
the  spiny  integument  of  some  of  its  species,  and  comprehends  those  well- 
known  animals,  the  Eckiaus  (Sea-Urchin)  and  Asleriag  (Star-fish),  as  well  as 
many  others.  The  Echinag,  one  of  its  most  perfect  forms,  is  nearly  globu- 
lar in  shape ;  and  the  shell,  which  is  composed  principally  of  carbonate  of 
lime,  deposited  in  animal  matter,  is  made  up  of  a  number  of  polygonal 
plates,  which  are  susceptible  of  reeciring  addition  at  their  edges,  and  thos 
of  keeping  pace  with  the  growth  of  the  animal.     It  is  beautiful  to  observe 

*  In  the  first  part  of  hie  General  Outline  of  tho  Animal  Kingdom,  racentl;  publiahod. 
Professor  Jon<»  adopts  the  dcsgnation  Nemalonevra  proposed  hj  Mr.  Oven  tor  the 
higher  portion  of  thia  division,  as  charactcriaing  tha  filamentous  condition  of  its  nervous 
STstem,  opposed  on  One  side  to  the  Acrita,  in  which  none  can  be  delected,  and  on  thu 
other  to  the  higher  groups  in  which  ganglia  are  discernible.  In  this  group  of  Nema- 
toneura.  Professor  Jones  associates  with  the  Echinodermalu,  the  Caiitory  Entozoa  anil 
Epuoa  (g  127)  and  the  Rotifera  (§  126}  already  described  among  the  Articulala,  as  welJ 
BB  the  Cilated  Polypes,  which  will  be  presently  mentioned  (§  152) ;  and  he  places  the 
Acalephs  (§  U4)  among  the  Aerita,  with  the  Polygsatrica  (g  147],  Sterelmintbs 
(S  137,  B),  inferior  Polypes  (§  ISO,  1,  i),  and  Sponges  (S  13S).  This  classificalion  ii 
founded  entirely  upon  the  presence  or  BUpposed  absence  of  a  nervous  system;  and  the 
author  cannot  help  thinldng  that  this,  being  but  a  single  character,  must  lead  to  an 
artificial  system  of  classification,  if  followed  alone.  In  the  higher  Animals,  the  confor- 
mation of  the  nervous  system  is  so  intimately  related  to  that  of  lie  whole  fabric,  that  the 
one  necessarily  implies  tlie  other.  But  in  these  lowest  classes,  the  functions  of  Organic 
life  predominate  so  much  over  tha  Animal  feculties,  that  the  structura  upon  which  the 
latter  are  dependent  is  often  obscure.  The  division  Nematoneura,  as  above  spedfied. 
contains  animals  differing  from  one  another  in  almost  every  character  except  the  fito- 
inentoua  appearauce  of  the  nervous  cords ;  and  many  of  its  members  would  be  with 
difficulty  excluded  by  any  definition  from  the  Articulata.  It  appears  to  tJie  Author  that 
the  Radiated  typo  of  structure  is  as  well  morked,  and  as  deserving  of  a  separate  rank,  at 
the  Molluseoui  or  Articulated ;  and  that,  if  each  division  be  made  to  include  the  lowest 
(brms  in  vihich  its  general  typo  of  conformation  is  discernible,  and  those  which  are  con- 
nected with  them  by  manifest  affinities  of  structure,  few  or  none  will  remain  to  be 
associated  in  the  lowest,  and  therefore  confessedly  most  heterogeneous,  group  of  Acrita. 
This  plan  lie  lias  preferred  to  foltuw  in  his  present  Classification. 
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how  completely  this  stnictiire  is  adapted  to  ita  ynata  ;  for,  as  it  cannot  ^t 
quit  of  its  enrelope  periodically  like  the  Crab,  or  add  to  ita  edges  like  the 
MoUusca,  it  is  manifest  that  the  animal  would  speedily  outgrow  its  habita' 
tion,  were  not  some  means  provided  for  the  continued  extension  of  the 
tatter.  In  this  provision  there  is  a  manifi'st  resemblance  to  the  means  by 
which  the  Cirrhopoda  add  to  the  capacity  of  their  shell ;  and,  indeed,  there 
is  so  much  correspondence  in  various  particulars  between  these  two  groups, 
that  they  cannot  be  considered  as  very  widely  separated,  although  mani- 
festly belonging  to  diiferent  cUvisions  of  the  Animal  kingdom.  The  plates 
composing  the  shell  of  the  ^cAinw  are  of  two  kinds  (Fig.  85).  The  larger  or 
tubercular  plates  are  thicklv  studded  on  the  outside  with  Uttle  hemi- 
spherical protuberances,  on  which  the  hollow  extremities  of  the  spines 
work,  in  the  manner  of  a  ball  and  socket  joint.  The  small  or  amhulaerid 
plates  hare  no  tubercles,  but  an  immense  number  of  minute  holes,  through 
wliich  the  animal  has  the  power  of  putting  forth  a  series  of  tubes  termi- 
nated by  suckers,  which  are  of  great  use  to  it  in  walking  or  seising  its  prey. 
These  tubes  are  formed  of  very  delicate  membrane  lined  by  muscular  fibres 
longitudinally  disposed.  When  the  animal  wishes  to  move  forwards,  it 
prolongs  them  by  injecting  them  with  water  from  its  interior  canity  ;  it  then 
attaches  the  suckers  at  their  extremity  to  some  fixed  object ;  and,  by  the 
1^  contraction  of  the  muscle,  shortens  the  tube,  and  draws  the  body  in  the 
desired  direction.  The  spines  are  also  capable  of  being  slowly  moved  at 
the  will  of  the  animal,  by  means  of  the  system  of  contractile  fibres  involved 
in  the  skin  which  covers  their  bases.  In  the  higher  Echinodermata,  the 
intestinal  canal  has  two  distinct  orifices,  which  in  the  Echinus  are  at  oppo- 
ute  aides  of  the  shell ;  and  in  the  Spatanffvt  and  other  inferior  species,  they 
sre  nearer  each  other ;  wltilst  the  Arieriat  possesses  but  one  opening,  which 
serves  both  for  the  ingestion  of  food  into  the  stomach,  and  for  the  expul- 
aon  of  the  fascal  portions.  In  the  Echimu,  the  oral  orifice  is  guarded  by 
a  very  beautiful  and  complex  apparatus  of  teeth,  which  is  moved  by  power- 
ful muscles.  The  food  of  these  animals,  consisting  of  small  shell-fish  and 
Crustacea,  is  brought  to  the  mouth  by  means  of  the  tubular  feet ;  these, 
liaving  once  gained  an  attachment  to  the  prey  by  means  of  tlie  sucker  at 
their  extremities,  do  not  quit  their  hold  until  it  is  conveyed  to  the  mouth. 
From  the  slug^sh  habits  of  the  Echiiatg,  and  the  alertness  of  the  motions 
of  the  animals  which  form  its  nutriment,  it  would  appear  diflicuit  for  it  to 
aeiEe  upon  them ;  but  when  once  they  allow  themselves  to  he  touched  by 
one  of  the  suckers  of  their  enemy,  they  are  soon  seized  by  a  great  number 
of  others,  and  speedily  reduced  to  a  pulp,  in  the  powerful  grinding  machine, 
,to  the  actiou  of  which  they  are  subjected.  In  the  Spafaiiffus,  on  the  other 
hand,  the  dental  apparatus  is  absent ;  and  the  stomach  is  filled  with  sand, 
from  which  the  animal  appears  to  remove  the  nutritive  particles  mixed 
with  it  (§282). 

143.    The  thfferent  species  of  this  class  present  a  very  gradual   and 


curious  transition  in  form  ;  of  which  the  leading  types,  represented  ia' 
rig,  86,  may  here  be  uoticcd.  From  the  ahnost  globular  Echiitu*,  m 
which  the  two  orifices  of  the  alimentary  caual  are  opposite  one  another, 
we  may  pass  to  the  flattened  Sjiatanffjis,  where  traces  of  a  pentagonal 
figure  appear,  and  in  which  the  intestinal  tube  terminates  nearer  the 
mouth.  Thence  we  are  led  by  the  Clypeaster  and  Scutella,  which  are 
flattened  and  pentagonal,  to  the  common  Asteriaa,  in  which  there  is  a 
central  hody  with  five  or  more  arms,  and  a  single  orifice  only  to  the 
stomach.  Amidst  all  this  change  of  form,  it  is  curious  to  obserre  how 
the  relative  situation  of  the  amhulacral  plates  remains  the  same.  In  tfasj 
Echinus,  all  the  vital  orgaus  are  concentrated,  as  it  were,  into  one  masa^ 
in  the  Asterias  they  are  distributed  through  the  arms  ;  hut  in  some  of  the 
lower  forms  of  the  class,  we  find  them  again  withdrawn  to  the  centre, 
that  the  arms  may  imdergo  au  extraordinary  multiplication  and  sub- 
division. Thus,  in  tlie  Euryale  and  Comalula,  the  arms  are  much  in- 
creased in  number,  and  give  off  branches  wliich  ramity  and  subdivide 
into  minute  filaments.  Closely  connected  with  this  part  of  the  class  ia 
the  remarkable  family  of  Crimidea,  whose  fossil  remains  are  so  abundant 
in  the  older  formations,  and  which  have  been  supposed  to  be  at  prest 
entirely  extinct.  Some  small  specimens  of  Pentatrirma  are,  howev) 
occasionally  found  in  the  Say  of  Cork ;  and  a  larger  and  very  beautil 
species  has  recently  been  broiight  from  the  West  Indies.*  These  tuiimalB 
strongly  resemble  a  Comatula,  placed  on  a  long  jointed  footstalk,  which  is 
attached  to  the  bottom  of  the  sea ;  and  it  has  recently  been  stated  that  the 
Pentacrinug  European  (Fig.  87)  is  the  young  of  a  species  of  Comatula, 
which  is  attached  during  its  early  life,  and  afterwards  swims  about  freely. 
We  shall  find  that,  from  some  of  the  most  ramiiying  forms  of  Pcntacrinus, 
the  transition  is  not  difficult  to  the  Coral- Polypes  ;  and  the  Echinodermata 
are  connected  with  the  Articulata,  not  only  by  the  Balani  (acom-shells) 
among  the  Cirrhopods,  but  by  two  peculiar  forms  presented  in  their 
class,  the  Holafhuria  and  Sijioneulus ;  in  these  the  tegument  is  not  cat' 
careous  hut  leathery,  and  the  hody  Is  elongated  instead  of  being  esteni 
radially,  so  that  the  Siponculus  might  really  be  taken  for  a  Vemufoi 
animal  (Fig.  88). 

144.  The  ACALEPH*  (sea-nettles)  are  among  the  softest-bodied  of 
animals,  seeming  to  melt  away  entirely  when  taken  out  of  the  water. 
They  are  composed  of  a  soft  gelatinous  structure,  without  any  hard 
support,  except  in  a  few  instances.  The  common  Medtiga  or  Jelly-fish 
(Fig.  89)  ia  a  familiar  example  of  the  class.  It  possesses  a  radiated 
form,  having  a  large  mushroom-shaped  disc,  which  contains  the  digestive 
orgaus,  with  various  filamentary  appendages  or  tentacula,  depending  from 
it.     These  seem  to  he  constructed  somewhat  on  the  plan  of  the  feet  of  the 
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Echinodennatay  being  tubular,  furnished  with  suckers,  and  connected  with 
the  internal  cavity,  from  which  they  are  injected  with  fluid  when  their 
prolongation  is  required.   The  general  mass  of  the  disc  is  cellular,  uniform, 
and  very  soft ;  the  quantity  of  sohd  matter  in  it  is  very  small, — a  Medusa, 
which  when  taken  out  of  the  water  weighs  fifty  ounces,  being  reduced  when 
dry  to  five  or  six  grains.    Some  traces  of  muscular  structure  may,  however, 
be  observed  in  the  tegumentary  membrane,  especially  round  its  margin ; 
and,  by  the  contraction  of  these,  those  movements  of  the  mantle  are  pro- 
duced, which  propel  the  animal  through  the  water;  other  species,  however, 
have  different  means  of  locomotion.    The  Beroe  (Fig.  90)  swims  by  means 
of  the  cUia  (§  146)  which  are  disposed  in  bands  upon  its  surface  ;   and  it 
uses  its  long  arms,  which  it  can  fold  together  within  two  cavities  at  the 
posterior  part  of  the  body,  for  the  prehension  of  its  food.     Another  cilio- 
grade  species  is  the  Cestum  Veneris  (Girdle  of  Venus),  a  flat  riband-shaped 
jelly-fish,  sometimes  attaining  the  length  of  five  or  six  feet.      The  httle 
Felella  possesses  a  cartilaginous  skeleton,  formed  of  a  vertical  and  a  hori- 
zontal plate ;   the  body  of  the  animal  is  placed  beneath  the  former,  while 
the  latter  acts  as  a  sail,  being  exposed  to  the  action  of  the  gentle  breeze, 
when  the  animal  floats  on  the  surface  of  the  sea  in  calm  weather.     Some 
species  of  this  group  are  very  abundant  in  the  arctic  regions,  and  form  an 
important  article  of  food  to  the  Whale.      The  Physalia  (Portuguese  Man- 
of-war,  Fig.  140)  is  very  common  in  tropical  seas  ;  it  is  ftimished  with  an 
air  bladder  of  an  oval  shape  placed  at  the  upper  part  of  the  body ;  and  also 
with  a  membrane  of  a  beautiftil  purple  colour,  which  acts  as  a  sail,  like  the 
crest  of  the  Velella.     These  animals  are  met  with  in  great  numbers  in  the 
Atlantic  ocean,  and  more  especially  in  its  warmest  regions  and  at  a  con- 
siderable distance  from  land.      The  following  animated  account  of  the 
Medusae  has  been  given  by  M.  Peron :    '^  Among  the  animals  of  this 
family^  we  find  the  most  important  ftmctions  of  life  performed  in  bodies, 
which  offer  to  the  eye  Httle  more  than  a  mass  of  jelly.      They  grow 
frequently  to  a  large  size,  so  as  to  measure  several  feet  in  diameter ;   and 
yet  we  cannot  always  determine  what  are  their  organs  of  nutrition.     They 
move  vdth  rapidity,  and  continue  their  motions  for  a  long  time  ;   and  yet 
we  cannot  always  satisfactorily  demonstrate  their  muscular  system.     Their 
secretions  are  frequently  very  abundant ;   and  yet  the  secreting  organs 
remain   to  be  discovered.      They  seem  too  weak  to  seize  any  vigorous 
animal,  and  yet  fishes  are  sometimes  their  prey.     Their  delicate  stomachs 
appear  to  be  wholly  incapable  of  acting  upon  such  food,  and  yet  it  is 
digested  within  a  very  short  time.     Most  of  them  shine  by  night  with 
great  brilliancy ;   and  yet  we  know  little  or  nothing  of  the  agent  which 
produces  so  remarkable  an  effect,  or  of  the  organs  by  which  it  is  elabo- 
rated.    And  lastly,  many  of  them  sting  the  hand  that  touches  them  ;   but 
how,  or  by  what  means  they  do  so,  still  remains  a  mystery.'*     It  will  be 
seen,  therefore,   that  the   pecuhar  nature  of  their  tissues,  the  singular 
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arrangement  of  their  organs,  and  the  anomalies  in  their  functions,  present 
as  many  objects  ol'  interesting  enquiry  to  the  physiologist,  as  the  won- 
derfiil  variety  and  striking  elegance  of  their  forms,  and  their  splendid 
colouring,  exhibit  to  the  admiration  of  the  naturalist.  Some  among  the 
Aealephee  exhibit  a  decided  tendency  towards  the  character  of  the  Mol- 
luaca,  whilst  the  greater  number  are  evidently  radiate  in  their  structure ; 
the  Actinia  (Sea-anemone),  which  has  by  some  naturahsts  been  placed  in 
this  group,  must  be  regarded  as  rather  belonging  to  the  PolypiferB(§  151), 
but  it  forms  a  close  link  of  connection  between  them. 

I'lS.  These  two  classes  are  the  only  ones  in  which  the  Radiated  type  of 
coufonuation  distinctly  presents  itself  in  the  ett/ire  animals  composing 
them.  Among  those  which  remain  to  be  described,  there  is  one, — that  of 
POLVpiFEKA, — in  which  the  radiated  disposition  is  equally  evident  in  the 
seperal  parts  that  compose  the  structure  ;  but  in  which,  by  the  union  of 
many  such  parts,  a  fabric  ia  built  up,  possessing  a  very  plant-hke  aspect. 
The  amount  of  connection  between  these  parts,  varies  in  the  different 
tribes ;  in  some,  they  are  almost  isolated  ftam  each  other ;  in  others, 
closely  united ;  and  a  few  species  are  sohtary  during  their  whole  lives. 
These  Animal  structures  are  commonly  termed  Zoophi/ta,  from  tlieir 
resemblance  to  Plants  ;  and  it  will  be  convenient  to  include  them,  witli 
the  PORIFERA  or  Sponges, — in  which  all  trace  of  radiated  structure  has 
disappeared,  as  well  from  the  sejjarate  parts  as  from  the  whole, — in  a  sub- 
ordinate group,  bordering  closely  upon  the  Vegetable  kingdom,  to  which 
the  name  of  Phi/tosoa*  may  be  applied.  With  this  group  it  is  convenient 
to  associate  also  the  polygastrica,  or  simplest  of  the  Infusory  Animal- 
cules ;  which  differ  greatly,  however,  in  their  active  habits,  from  the 
classes  just  mentioned  ;  although  many  of  them  exhibit  a  tendency  lo 
aggregation  into  compound  structures,  like  the  Polypifera.  To  this  group 
of  Phytosoa  no  definite  characters  can  be  assigned,  since  the  members  of 
it  differ  extremely  from  one  another,  and  arc  not  constructed  upon  any 
common  type.  They  correspond,  however,  in  their  degree  of  organisation, 
which  is  in  general  extremely  low  ;  and  also  in  the  absence  of  any  decided 
characters  which  would  justify  their  assignment  to  other  divisions  of  the 
Animal  kingdom.  Except  among  the  higher  Polypifera,  the  tissues  of  the 
animals  composing  this  group  present  a  still  more  homogeneous  appear- 
ance, than  in  the  simplest  of  the  tribes  we  have  yet  described;  for  not  only 
does  there  seem  to  be  an  absence  of  nervous  filaments,  but  of  muscular  or 
fibrous  structure  ;  the  ahmentary  canal  even,  where  it  exists,  is  not  pos- 
sessed of  distinct  walls  bounding  its  cavity,  but  seems  channelled  out  of 
the  soft  parench3nna ;  and  where  anything  hke  a  circulation  of  nutritive 
fluid  goes  on,  it  takes  place  in  similar  reticulated  canals  unprovided  with 
proper  tunics.     In  these  and  many  other  respects,  the  animals  composing 

•  The  lErm  /'Ayfoaan  is  compounded  of  the  aame  words  as  ifoHp%(ej,  butismoreaiJpro- 
priate  here,  eiiice  it  litaignatea  Plant- Animals,  whilst  the  latter  meana  AnimBl-Piajits. 
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s  gronp  resembli?  the  early  condittnn  of  the  embryo  of  one  of  the  higher 
;  aDd  just  as  the  rapidity  of  the  changes,  which  this  undergoes  in 
i  progress  of  its  development,  is  proportional  to  the  simjilicity  of  its 
ructure,  and  to  the  shortness  of  the  period  which  has  clnjiscd  since  its 
rolution  commenced,  do  we  find  among  the  Phijtozoa  a  peculiar  tendency 
D  advance  into  close  approximation  witli  the  genera  respectively  belonging 
0  the  higher  classes  with  which  they  are  connected.  From  this  circum- 
i  results  the  great  difficulty  which  lias  been  felt  in  assigning  definite 
characters  to  the  general  classes ;  for  whatever  type  of  conformation  be 
made  the  basis  of  these  choraeters,  it  is  found  to  undergo  the  most 
importuDt  modifications,  where  it  presents  itself  in  affinity  with  those  of 
the  other  divisions  towards  wliich  transitions  are  made.  The  tendency 
:  to  repetition  of  similar  parts  among  the  higher  Radiata  has  been  already 
I  noticed  ;  and  a  similar  oue  esists,  to  a  certain  extent,  in  the  lower 
Articulata,  where  the  different  segments  of  the  body  are  almost  alike. 
Among  the  Pkijtoioa,  this  tendency,  so  characteristic  of  the  Vegetable 
kingdom,  is  carried  to  a  still  greater  extent,  and  is  oflen  cxliibited  in  a 
very  curious  manner.  Thus,  the  Spoiign,  of  wliieh  the  yoimg  gemmulcs 
swim  freely  about,  are  fixed  at  a  later  period  of  life ;  and  in  forming 
their  calcareous,  siliceous,  or  homy  skeleton  (^  ^^•'),  seem  to  lose  the 
few  characteristics  of  animal  life  which  they  before  possessed,  and  in  its 
construction  are  limited  to  the  repetition  of  a  single  spiculum.  And  in  the 
Polypes,  the  respective  mouths  aud  stomachs  appear  to  be  to  a  certain 
extent  independent ;  being  connected  together  by  the  gelatinous  flesh 
which  clothes  the  exterior  of  the  axis  or  lines  its  tubes  {§  150,  1),  but 
being  capable  of  separation  without  injury  to  the  general  structure,  and 
without  the  destruction  of  their  own  existence. 

NG.  As  it  is  in  the  animals  belonguig  to  this  group,  that  the 
organs  termed  cilia  appear  to  perform  the  most  important  part,  in 
relation  both  to  the  nutritive  and  animal  fiinctions,  this  would  seem 
the  proper  place  to  introduce  a  more  particular  description  of  them. 
Cilia,  then,  are  little  hair-like  filaments,  covering  the  surface  aud  fringing 
the  edges  of  various  parts,  both  external  and  internal,  which  arc  in  con- 
tact with  fluid  ;  in  which  fluid  they  produce,  by  their  vibrations,  currents 
which  may  serve  various  important  purposes  in  the  economy  of  the 
animaL  In  the  active  and  free-moving  Infusoriol  Animalcules,  the  cilia 
on  the  exterior  of  the  body  are  the  principal,  if  not  the  only  organs  of 
locomotion ;  in  the  Polypes,  fixed  to  a  particular  situation  and  unable 
to  go  in  search  of  their  food,  the  currents  which  they  create  in  the  sur- 
rounding elemeut  bring  it  witliin  reach  of  their  tentacida  or  arms  ;  and 
in  all  animals  modified  for  respiration  in  water,  from  those  simple  struc- 
tures in  which  uo  particular  [lart  of  the  surface  seems  appropriated  to  this 
function,  to  Fishes  and  the  larvBC  of  the  Batrachia,  the  ciliary  movements 
appear  to  have  au  important  relation  with  it,  ui  constantly  renewing  the 


stratum  of  water  in  apposition  with  the  aerating  surface.  Cilia  I 
even  foimd  oa  the  mucous  membrane  lining  the  trachea  and  ramify 
air-passages  of  the  higher  Vertebrata  i  and  their  use  appears  there  to  bti, 
to  convey  the  secretions,  and  foreign  matters  (if  such  should  be  present), 
along  the  surface,  Thej  have  also  been  observed  in  the  upper  part  of 
the  alimentary  canal  of  Reptiles,  throughout  its  whole  extent  in  Mol- 
lusca,  and  in  the  stomach  and  its  appendages  in  the  Asterias  ;  as  well  as 
in  many  other  situations.  The  presence  of  ciha,  when  they  are  moving 
with  rapidity,  can  freqaently  he  only  inferred  from  the  eddies  which  they 
produce  in  the  neighbouring  fluid.  Sometimes  the  return-stroke,  which 
is  made  more  slowly,  can  be  seen  when  the  direct  stroke  is  too  rapid  to 
be  followed ;  this  is  particularly  the  case  in  the  wheels  of  the  Rotifers 
(§  126),  which  appear  to  revolve  continuously  in  one  direction,  from  the 
observer  being  only  able  to  trace  one  set  of  the  vibratory  movements  of 
the  rings  of  cilia  which  compose  them.  In  general,  however,  the  rilia 
may  be  best  seen  when  their  motion  slackens ;  and  their  shape,  size, 
arrangement,  and  manner  of  moving,  may  then  be  distinguisiied  with 
tolerable  accuracy.  Their  figure  is  that  of  slender  filaments  ;  sometimes 
a  little  flattened,  and  tapering  gradually  from  the  base  to  the  point. 
Their  size  is  extremely  variable,  the  largest  being  about  ^  of  an  inch 
long,  and  the  smallest  being  stated  at  isjnn.  They  are  generally  arranged 
in  regular  order,  sometimes  in  straight  rows,  sometimes  spirally  or  in 
circles  ;  and  they  are  usually  set  pretty  close  together.  When  in  motion, 
each  cilimn  appears  to  bend  from  its  root  to  its  point,  returning  again 
to  its  original  state,  like  the  stalks  of  com'  when  depressed  by  the 
wind  ;  and  when  a  number  are  affected  in  succession  with  this  motion, 
the  ajipearance  of  progressive  waves  following  one  another  is  produced,  u 
when  a  com-fleld  is  agitated  by  frequent  gusts.  The  motion  of  the  cilia 
seems  to  be  quite  independent  of  the  wUl  of  the  animal,  being  seen  ailer 
death,  and  proceeding  with  perfect  regidarity  m  parts  separated  from  the 
body  i  its  duration  varies  according  to  the  species  in  which  it  is  observed, 
and  is  influenced  by  many  external  circumstances  ;  it  has  been  seen  fitlcen 
days  alter  death,  in  the  Tortoise,  when  putrefaction  was  far  advanced; 
and  in  the  River-mussel  it  seems  to  endure  with  similar  pertinacity.  It 
is  the  opinion  of  Dr.  Grant  that  the  ciha  are  tubular  organs  hke  the  feet 
of  the  Echinodermata,  and  that  their  movements  are  owing  to  injection  of 
water  from  elastic  tubes  running  along  the  base  of  the  several  rows  ;  but 
this  seems  scarcely  consistent  with  the  fact  that  their  vibrations  continue 
when  entirely  detached  from  the  circulating  system.  Dr.  Sharpey,  whn 
has  particularly  investigated  this  curious  subject,*  is  disposed  to  believe, 
with  other  observers,  that  the  motion  is  produced  by  the  action  of  muscular 
fibres,  coimected  with  the  base  of  the  cilia,  and  probably  traversing  their 
substance  also ;  their  return  being  perhaps  due  to  their  own  elasticitT 
'  See  CyeloiiLEfliii  of  AiiBlumj,  Art.  Cilia. 
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when  the  muscle  is  relaxed.  It  is  very  properly  ui^ed  that  tlie  nuDUteness 
of  the  parts  is  no  argument  against  this  supposition,  which  seems  to  derive 
sonie  weight  from  the  correspondence  between  the  duration  of  the  ciliary 
motion  after  death,  and  tlie  persistence  of  muscular  irritability  in  like  cir- 


147-  The  class  of  polvgastrica  or  Infusorial  Animalcules  was  for- 
merly supposed  to  contain  the  simplest  members  of  the  AuimsJ  king- 
dom ;  but  it  is  now  known,  from  the  researches  of  Ehrenfaerg  and  others, 
to  possess,  in  general  at  least,  an  organisation  of  much  complexity.  Wher- 
ever any  decaying  organised  matter  exists  in  a  fluid  slate,  and  is  exposed 
to  air  and  warmth,  it  will  speedily  be  found  peopled  with  minute  inha- 
bitants, of  the  most  varied  forms  and  diversified  movements,  possessed  of 
considerable  activity,  and  evidently  endowed  with  an  energetic  system  of 
Qutrition.  They  are,  therefore,  by  no  meiuiB  so  nearly  allied  to  Vegetables 
as  those  inactive  and  simple  creatures,  the  Sponges  and  their  allies.  The 
cause  of  the  spontaneous  appearance  of  these  animalcules,  where  no  germs 
were  previously  suspected  to  exist,  and  where  it  could  not  be  supposed  that 
they  had  been  conveyed,  has  been  a  matter  of  much  specidation.  Many 
base  bad  recourse  to  the  supposition  that  they  formed,  in  a  latent  state,  a 
part  of  the  living  tissues  of  the  Animal  and  Vegetable  structures,  from  the 
decomposition  of  which  they  were  evolved;  and  others  hove  even  supposed 
tbem  to  have  arisen  from  accidental  combinations  of  inorganic  elements. 
As  vet,  however,  somewhat  of  the  same  obscurity  hangs  over  their  origin, 
as  envelopes  the  propagation  of  the  Fungi ;  since  there  is  some  reason  to 
believe  that  amongst  the  Polygastrica,  also,  the  same  germ  may  be  deve- 
loped into  different  forms,  according  to  the  cliaracter  of  the  infusion 
(ram  which  it  derives  its  support.  But  these  httle  animals  are  not  con- 
fined to  infusions  of  organised  matter ;  they  are  found  in  the  stagnant 
"Iters  around  our  cities ;  in  the  waters  of  rivers,  harbours,  lakes,  and 
even,  it  is  believed,  in  every  fluid  drop  of  the  ocean.  From  their  minute 
size  and  extensive  distribution,  therefore,  there  is  reason  to  aitppose  that 
they  are  the  most  numerous  hving  beings  that  exist  on  the  face  of  the 
globe.  Their  tissue  is  usually  sofit  and  gelatinous  ;  but  not  luifreijuently 
tliey  possess  a  transparent  envelope,  which  seems  to  be  of  n  homy  consist- 
ence, but  which,  in  many  species,  is  now  found  to  consist  almost  entirely 
of  silex.  From  the  late  researches  of  Ehrenberg,  it  appears  that  very 
extensive  mineral  deposits,  such  as  that  known  under  the  name  of  Tripoli 
or  rotten-stone  (an  impalpable  powder  used  in  the  arts  for  polishing),  are 
composed  of  the  ailicious  shields  of  a  species  of  Saricala,  which  seem  to 
differ  little  from  those  now  existing.  Even  where  the  shields  cannot  be 
separated  in  a  distinct  form,  as  in  the  consoUdated  nodules  of  various  flints, 
opals,  &c.,  traces  of  them  and  of  other  similar  remains  are  found.  It  is 
scarcely  possible  to  imagine  the  countless  multitudes  of  these  beings,  which 
must  h«vc  existed  in  former  ages,  for  their  icry  exucia  to  hiive  iWa  JUica- 


molated.*  There  are  few  in  the  whole  claaa  that  are,  when  single,  per- 
ceptible to  the  naked  eye,  none  exceeding  ^th  of  an  ineli  in  length  ;  ainl 
of  some  of  the  smallest  it  is  calculated  that  16?  millions  would  weigh  no 
more  than  a  single  grain.  The  reproductive  powers  of  all  are  coDsider^le; 
but  are  so  great  in  some  species,  that  a  single  individual,  only  to  he  per- 
eeived  by  means  of  a  high  magnil'jing  power,  is  calculated  to  generate  1/0 
billions  in  four  days, — about  as  many  as  would  be  contained  in  two  cubic 
feet  of  the  polishing-slate  of  Bilin. 

148.  The  character  of  the  Polygastricaf  is  derived,  as  their  name 
imports,  from  the  number  of  their  stomachs,  which  are  little  dilatationi 
of  the  alimentary  canal,  excavated,  as  it  were,  from  their  soft  relliiUr 
parenchyma.  This  canal  sometimes  possesses  two  distinct  orifices  (as  in 
the  Eachelis  papa.  Fig.  92),  of  which  the  mouth  only  is  usually  fringed 
with  eilia ;  but  very  frecjuently  the  lower  extremity  of  it  returns  to  the 
point  from  which  it  set  out,  and  the  same  external  orifice  communicates 
both  with  the  entrance  and  the  termination  of  the  canal  {Fig.  77,  a)-  The 
Uttle  digestive  sacs  are  very  numerous  in  some  species  ;  more  than  a  hun- 
dred have  been  seen  in  the  Paramiscium  (Fig.  94),  filled  at  the  same  time ; 
and  there  may  have  been  many  more  unseen  from  being  empty.  The 
method  of  viewing  them  is  to  introduce  into  the  water  some  colouring 
matter,  such  as  carmine  or  indigo,  in  a  state  of  minute  division ;  it> 
particles  are  then  received  into  the  intestinal  canal,  and  are  very  evidently 
seen  through  the  transparent  tissues  which  surround  it.  Some  among 
these  animalcules,  however,  seem  to  possess  a  more  complex  structure. 
Ehrenberg  has  announced  the  existence  of  many  distinct  oi^flns  in  them, 
but  it  may  be  questioned  whether  they  ore  yet  altogether  demonstrat«d. 
In  this  interesting  class  we  find  many  different  modes  of  reproduction, 
wliich  will  be  more  particularly  described  hereafter  (cbai'.  xiii.)  ;  anil 
the  diversities  of  form  and  movement  which  its  various  species  exhibit 
are  of  the  most  extraordinary  character.  The  latter  have  been  thus 
described : — "  Several  awim  with  the  velocity  of  an  arrow,  so  that  the 
eye  can  scarcely  follow  them ;  others  appear  to  drag  their  body  aloDf 
with  difficulty,  and  to  move  like  the  leech  ;  and  others  seem  to  exist  io 
perpetual  rest ;  one  will  revolve  on  its  centre,  or  the  anterior  part  of  tU 
head ;  others  move  by  nndulatious,  leaps,  oscillations,  or  successirv 
gyrattons ;  m  short  there  is  no  kind  of  animal  motion  or  other  kind  of 
progression,  that  is  not  practised  by  animalcules."     Several  species  of  thii 


*  1 1  ii  peculiarly  inieresting  to  trace  such  occurrencca  in  progie»  at  the  present  time. 
ThE  author  baB  Been  water,  brought  fcom  a  lake  in  the  inlanil  of  St.  Vincent,  crowded  wilk 
the  shields  of  races  or  Naviculie  at  present  inhabiting  it ;    and  the  mud  which  i»  bdiig    i 
depodted  in  abundance  M.  the  bnttam  of  thu  laku,  is  almOBt  entirely  composed  of  them. 

+  The  author  has  judged  it  better  here  to  follow  the  statements  ofEhrenhng.  Oil  j 
own  views  on  the  nature  of  the  digestive  appnmtus  of  (he  Folyguttita  will  be  bcMoBct  I 
Htated(g  313). 
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group  exhibit  a  tendency  to  aggr^ation  into  compound  structures  ;  and  in 
some,  there  is  a  dose  connection  among  the  different  individuals,  like  that 
which  exists  in  the  Polypifera.  One  of  the  most  remarkable  of  the  com- 
pound Animalcules  is  the  Folvox  or  Globe-animal  (Fig.  93,  a)  ;  which  was 
formerly  r^arded  as  a  single  individual,  but  is  now  known  to  consist  of  a 
number  of  Monads  (the  simplest  and  minutest  kind  of  Animalcules),  regu- 
larly arranged  upon  a  homy  structure  which  forms  the  globular  shell,  and 
connected  together  by  canals  which  traverse  it.  The  round  bodies  which 
are  seen  within  the  globe,  are  new  clusters  of  Monads,  between  which  the 
homy  shell  has  not  yet  been  formed  ;  but  which,  when  liberated  by  the 
rupture  of  the  parent  structure,  gradually  acquire  its  character,  and  in 
their  turn  give  origin  to  a  new  generation.  Although  we  may  not  imme- 
diately perceive  an  object  for  the  existence  of  such  countless  multitudes  of 
living  beings,  there  can  be  little  doubt  that  they  serve  a  most  important 
purpose  in  the  economy  of  Nature,  by  supplying  food  to  the  larger  tenants 
of  the  waters ;  Polypes,  Mollusca,  Crustacea,  and  even  Fish  seem  greatly 
indebted  to  them  for  their  nutriment ;  and  even  the  larger  animalcules 
prey  upon  the  smaller  ones, — ^the  Vorticella,  for  instance,  creating  by  its 
circle  of  dlia  a  current  which  draws  them  into  its  mouth,  just  like  (it  has 
been  amusingly  remarked  by  Spallanzani,  parma  componere  maffna),  a  cer- 
tain species  of  whale,  which,  after  having  driven  herrings  mto  a  bay  or 
strut,  by  a  stroke  of  its  tail  produces  a  whirlpool  of  vast  extent  and  great 
npidity,  which  precipitates  them  down  its  open  throat. 

149.  There  is  probably  no  group  in  the  Animal  Kingdom  more  hetero- 
geneous in  character,  than  that  which  has  been  formed  into  a  class  under 
the  title  of  polypifera  ; — a  group  including  all  the  animals  concerned  in 
the  formation  of  Corals,  Madrepores,  and  other  similar  structures  ;  besides 
many  other  species.  It  is  only  recently,  however,  that  an  increased  ac- 
qfoaintance  with  its  members  has  revealed  the  incongruity  of  their  associa- 
tion ;  and  at  present,  therefore,  we  must  be  content  to  retain  their  general 
designatkni,  until  a  subdivision  shall  have  been  agreed  upon.  Peculiar 
interest  attaches  to  this  class  in  the  eyes  of  the  Physiologist  as  well  as  of 
the  Zoologist ;  for,  as  has  been  remarked,'*'  "  they  present  to  him  the  sim- 
]dest  independent  structures  compatible  with  the  existence  of  Animal  life, 
wmhling  bim  to  examine  some  of  its  phenomena  in  isolation,  and  free  from 
the  obscurity  which  greater  complexity  of  anatomy  entails.  The  means  of 
their  propagation  and  increase  are  the  first  of  a  series  of  facts  on  which  a 
theory  of  generation  must  rise  ;  the  existence  of  vibratile  cilia  on  the  sur- 
&ces  of  the  membranes,  which  has  been  shown  to  be  so  general  and 
inftaential  among  animals,  was  first  discovered  in  their  study  ;  and  in  them 
ire  first  detected  the  traces  of  a  circulation  carried  on  independently  of 
a  heart  and  vessels."  A  general  notion  of  the  character  of  this  group 
may  be  best  acquired,  from  an  examination  of  the  stmcture  of  one  of 

*  Johnston^s  History  of  British  Zoophytes. 
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the  inferior,  and,  at  the  same  time,  best-known  species.  Tlie  c 
Hydra  viridit  (Green  Polype,  Fig.  95)  is  one  of  the  simplest  forms  of 
structure,  evidently  Animal,  with  which  we  are  acquainted.  It  consists 
of  nothing  but  a  granular  and  apparently  homogeneous  membrane,  com- 
posing a  bag,  which  may  be  regarded  as  a  stomach ;  its  single  aperture 
or  mouth  being  fringed  with  tentacula,  or  tendril-like  filamenta,  which 
are  very  irritable,  and  contract  upon  anything  which  touches  them, 
endeavouring  to  draw  it  towards  the  entrance  of  the  digestive  sac. 
TJieae  tentacula  are  tiot  fringed  with  cUia  ;  and  therein  consists  an 
important  difFerence  between  this  Polype,  and  higher  species  of  whose 
form  it  may  he  regarded  as  a.  sketch.  Althoi^h  so  simple  in  its  struc- 
ture, its  digestive  powers  arc  very  energetic,  and  it  appears  to  exercise 
considerable  force  in  conveying  to  its  mouth  the  hving  animals  which  it 
frequently  seizes.  The  contractility  of  the  whole  body  is  very  remark- 
able, and  causes  the  animal  to  assume  entirely  different  forms  at  different 
periods.  No  trace  of  fibre  is  discoverable  in  its  tissues,  which  seem 
entirely  composed  of  globular  cells  united  together  by  a  jelly-like  matter. 
The  tentacula  of  one  species  (H.  fusca)  have  been  seen  to  extend  from 
less  than  a  line  to  a  length  of  eight  inches  ;  and  it  is  not  uncommon  to 
see  the  body  ten  or  twelve  times  longer  at  one  period  than  at  another, 
varying  in  form  between  that  of  a  long  narrow  cylinder  and  that  of  i 
tubercle  or  button.  Whilst  the  want  of  cilia  on  its  tentacula  prevents 
the  creation  of  currents  for  the  propose  of  bringing  a  constant  supply  of 
food  to  the  mouth,  and  thus  affords  less  choice  to  the  animal,  the  body  is 
so  constructed  as  to  be  capable  of  accommodating  itself  to  a  prev  of  very 
variable  size  ;  and,  in  like  manner,  the  absence  of  this  special  means  of 
aerating  the  fluids,  is  compensated  by  the  exposure  of  every  part  of  the 
tissue,  both  by  its  interna!  and  external  surface,  to  the  siurounding 
element.  A  striking  proof  of  the  simpheity  of  the  structure  of  this 
Polype  is  the  fiict,  that  it  may  be  turned  inside  out  like  a  glove  ;  thai 
which  was  before  its  external  tegument  becoming  the  lining  of  itt 
stomach,  and  vice  versd.  Another  very  curious  result  occurs  from  the 
same  cause, — the  extraordinary  power  which  one  portion  possesses  of 
reproducing  the  rest.  Into  whatever  number  of  parts  a  Bi/dra  may  be 
divided,  each  will  retain  its  vitahty,  and  give  origin  to  a  new  and  entire 
fabric  ;  so  that  thirty  or  forty  individuals  may  he  formed  by  the  section  of 
one.  The  regular  mode  of  reproduction  in  this  animal,  however,  bean 
no  analogy  to  this.  Little  bud-like  processes  are  developed  from  its 
external  surface,  which  are  soon  observed  to  resemble  the  parent  ra 
character,  possessing  a  digestive  sac,  mouth,  and  tentacula ;  for  a  long 
time,  however,  their  cavity  is  connected  with  that  of  the  parent,  but  it 
last  the  communication  is  cut  off,  and  the  young  Polype  quits  its  attach- 
ment, and  goes  in  quest  of  its  own  maintenance.  A  second  generation  of 
buds   is   sometimes  observed  in  the  young   Polj-pe   before  quitting  iti 
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parent ;  and  as  many  as  nineteen  young  Hydra,  in  different  stages  of 
development,  have  been  observed  thus  connected  with  one  central  Polype. 
150.  The  first  sub-division  of  the  Polypifera,  termed  (by  Dr.  Johnston) 
Hydroida  or  Hydraform,  includes,  with  the  simple  genus  just  described, 
all  those  compound  structures  in  which  a  number  of  polypes  similar  to  it 
are  associated  together.  Of  this  group  the  common  Sertularia  (Fig.  96, 
PI.  IV .)  is  a  characteristic  illustration.  The  polypidom,  or  solid  framework 
formed  by  a  consolidation  of  the  soft  tegument  of  the  animal,  consists  of  a 
tubular  homy  stem,  enlarged  at  the  extremities  of  its  branches  into  sheaths  ; 
within  these  the  individuals  can  retract  themselves,  although  when  in 
search  of  their  food  they  extend  beyond  it.  Each  single  Polype  resembles 
a  Hydra  in  every  important  respect  but  this ; — the  stomach,  instead  of 
being  closed  at  the  bottom,  communicates  with  the  interior  of  the  stem  and 
branches  ;  and  the  membrane  forming  the  sac  may  be  regarded  as  a  pro- 
longation of  that  which  lines  these  tubes.*  The  pulp  contained  in  the 
hollow  stem,  rather  than  the  polype  itself,  appears  to  be  the  essential  part  of 
the  animal ;  for  the  latter  is  not  only  formed  subsequently  to  it  in  the  first 
instance,  but  frequently  dies,  and  is  reproduced  by  it.  Although  repro- 
duction sometimes  takes  place  by  buds  in  these  associated  polypes,  as  in 
the  Hydra,  a  more  special  apparatus  is  evolved  for  this  purpose.  At  cer- 
tain periods  there  are  formed  from  particular  spots  on  the  stem  of  the 
Sertularia  and  its  alhes,  expansions  of  its  structure,  somewhat  resembling 
those  which  encase  the  polypes,  but  usually  larger  (Fig.  96,  h).  They 
are  provided  with  a  lid ;  and  in  their  cavity  are  seen  a  number  of  gela- 
tinous globules,  which  are  at  first  connected  by  cords  with  the  soft  tissue 
at  the  base  of  the  cell,  but  afterwards  separate  from  it ;  and  having  ac- 

*  When  the  stem  and  branches  are  examined  with  a  high  magnifying  power,  a  current 
of  granular  particles  is  seen  running  along  the  axis ;  which,  after  continuing  one  or  two 
minutes  in  the  same  direction,  changes  and  sets  in  the  opposite  one,  in  which  it  continues 
about  as  long,  and  then  resumes  the  first ;  thus  altematelj  flowing  down  the  stem  to  the 
extremities  of  the  branches,  and  back  again.  The  change  of  direction  is  sometimes  im- 
mediate ;  but  at  other  times  the  particles  are  quiet  for  a  while,  or  exhibit  a  confused 
whirling  motion  for  a  few  seconds,  before  the  change  takes  place.  The  current  extends 
into  the  stomachs  of  the  polypi,  in  which,  as  well  as  in  the  mouth,  a  continual  agitation  of 
particles  is  perceptible.  When  these  particles  are  allowed  to  escape  from  a  cut  branch,  they 
exhibit  an  apparently  spontaneous  motion.  No  contraction  of  the  tube  or  of  the  sto- 
mach seems  concerned  in  the  production  of  the  currents ;  and  their  rapidity  and  constancy 
appear  intimately  connected  with  the  activity  of  the  nutritive  processes  taking  place  in 
the  parts  towards  which  they  are  directed.  In  the  7>i6u^rta,  another  polype  with  naked 
tentacula,  currents  of  a  similar  kind  have  been  observed  ;  but  in  this  genus  the  stem  is 
divided  by  nodes  or  partitions,  into  distinct  cavities  like  the  elongated  cells  of  the  Chara 
(§  90).  As  on  the  walls  of  those  cells,  a  number  of  slightly  spiral  dots  are  seen,  in  the 
line  of  which  the  current  appears  to  move,  passing  down  one  side,  crossing  at  the  septum, 
and  ascending  the  other  with  an  even  and  uniform  motion,  just  like  the  globuliferous 
fluid  of  the  Chaia  (§  405).  See  Mr.  Lister's  Memoir  in  the  Philosophical  Transactions 
for  1834. 


)    STRUCTURES, 

quired  cilia  on  their  surface,  and  being  liberated  by  the  falliog-off  of  ti 
lid,  they  swim  forth,  and  after  a.  httle  time  attach  themselves  to  a 
body  which  wiU  serve  for  the  support  of  a  new  structure.  The  vesicle, 
when  thus  emptied  of  its  contents,  soon  drops  off,  like  the  aeed-Tessel  of 
a  plant  aft«r  its  functions  are  performed.  Each  reproductive  gemmule 
consists  of  two  substances,  a,  thin  cuticle  or  envelope,  and  a  contained 
pulp.  The  former  seems  the  rudiment  of  the  future  homy  sheath  ;  and, 
in  the  early  stages  of  development,  it  is  distended  and  moulded  by  the 
growth  of  the  pulp  within.  The  latter  at  first  increases  longitudinally,  and 
then  forms  a  polype,  which  bursts  its  envelope,  and  commences  the  active 
exercise  of  its  functions.  The  external  membrane  becomes  hardened  into 
the  cell,  vrithin  which  the  polype  can  retract  itself,  and  then  undergoes  do 
further  change.*  This  division  has  also  been  termed  (Ijy  Dr.  Farre  •) 
NudibracMata,  from  the  deficiency  of  cilia  on  the  arms  or  tentacnla. 

151.  The  most  important  group  of  the  Polypifera  is  that  wliieh  contains 
the  greater  part  of  the  stony  Corals,  Madrepores,  &c,,  that  are  coneemed 
in  building  np  the  massive  foundation  of  the  coral  islands.  Of  these,  the 
common  Actinia  (Sea-Anemone)  may  be  regarded  as  the  type ;  and  the 
group  may  be  denominated  Actiniform,  or  (by  Dr.  Johnston)  Hetianthmda, 
from  the  resemblance  that  the  mouths  of  the  polypes  bear  to  the  Sun- 
flower. The  ActinifP,  like  the  Hydrse,  are  solitary  animals  ;  but  some  of 
the  species  in  which  many  such  are  associated,  exhibit  an  almost  indefinite 
extension  of  the  same  individual ;  if  a  continuous  mass  of  gelatinous  fleeb. 
uniting  innumerable  polypes,  is  to  be  regarded  in  this  light.  The  body  of 
the  Actinia  is  broad  and  flat,  compared  with  that  of  other  polypes ;  the 
mouth  is  surrounded  hy  concentric  rovfs  of  short,  cihated,  tubular  ten- 
tacnla ;  the  stomach  has  but  one  orifice  connecting  it  with  the  exterior, 
but  its  cavity  is  partially  subdivided  by  folds  or  plaits  of  its  lining  mem- 
brane ;  and  between  its  walls  and  the  general  envelope  are  numerotu 
chambers,  which  are  separated  from  each  other  by  partitions  radiating  from 
the  centre  (Fig.  101).  The  skin  of  the  Actinia  is  leathery,  and  forms  an 
epidermis  which  may  be  traced  over  its  exterior,  and  even  into  the  stomach. 
The  massive  polypidoms  constructed  by  associated  polypes,  consist  of  car- 
bonate of  lime,  deposited  in  their  soft  tissues;  they  are  formed  upon  the 
mould,  as  it  were,  of  the  animal ;  and  the  cells  exhibit  a  set  of  radiating 
lamellte,  which  correspond  with  the  partitions  of  the  chambers  surrounding 
the  stomach.  These  chambers  are  destined  for  the  production  and  de- 
velopment of  ova  or  germs,  which  are  sometimes  cast  forth  by  the  orifices 
of  the  tentaeula,  and  sometimes  find  their  way  into  the  stomacli,  from 
which  they  are  ejected  with  the  undigested  food.  Sometimes  these  germs 
are  retained  within  the  cavities  of  the  parent,  until  they  have  acquired  n 


msiderable  degree  of  devi^lopinent ;  and  the  young  Actmiie  come  forth 
I  s  form  nearly  resembling  that  nf  the  parent.      .U!  the   cBvities   are 
I  capable  of  great  distension ;  and  in  the  Jrttnia,  fluid  seems  to  enter  and 
I  to  be  ejected,  not  only  through  the  month,  but  through  the  tenlacula  also. 
1  "Water  appears  to  be  thus  introdiieed  for  the  purpose  iif  aerating  the  tissues 
I  md  the  m'B;  and  it  is  remarkable  that  the  whole  of  the  internal  surface  is 
h  CDrered  with  eilia.      In  the  compound  species  of  this  group,  the   soil 
animal  matter  whieh  connects  the  diilerent  polypes,  is  ilisposed  on  the 
outside  of  the  stony  stem  ;  anil  it  possesses  the  jiower  of  extending  the 
structure,  by  the  deposition  of  calcareous  matter,  independently  of  the 
Mypes,  whose  cells,  indeed,  are  prepared  by  its  operation.    The  vast  im- 
portance of  these  beings  in  the  economy  of  Nature  is  now  well  ascertained, 
not  only  by  observation  of  the  changes  which  they  are  jiroducing  on  the 
present  surface  of  the  globe,  but  by  e^camination  of  the  structure  of  solid 
calcareous  rocks,  which  generally  prove  to   have  been  formed  from  the 
debrig,  more  or  leas  disturbed,  of  coralUnc  structures. 

152.  Another  diriaion  of  Polypifero  may  be  termed  CUMrticAiata  (Dr. 
EWre)  from  the  presence  of  cilia  upon  its  tentacula;  or  Ascidioida  (Dr. 
Johnston),  from  its  affiiiily  with  the  Timicata,  to  which  it  is  closely  allied. 
On  a  superficial  inspection,  no  very  striking  difference  would  be  observed 
between  the  characters  of  this  grou]i  and  those  of  the  llydroida  jiist  described; 
but  the  minute  examinations  of  Milne-Edwards,  niid  Dr.  Farre,*  have  dis- 
closed in  the  former  a  degree  of  complcsitv  of  structure,  which  it  would 
seem  scarcely  possible  to  have  im^ined.  In  the  Bmnerlmnkia  den»a 
(Fig.  97),  for  example,  we  find  a  homy  trEnsparent  sheath  enclosing  the 
polype,  the  upper  part  of  which  is  so  flesible  as  to  be  capable  of  being 
drawn  inwards  by  the  action  of  muscles,  thus  closing  the  mouth  of  the 
cell.  The  animal  contained  in  it  possesses  ten  tentacida,  fringed  with  cilia, 
which  anrround  the  mouth  of  the  large  open  tube,  «,  that  forms  the 
entrance  to  the  digestive  sac ;  this  leads  by  a  narrow  orifice  to  a  globular 
cavity,  b,  which  seems  analogous  to  a  gizzanl,  having  thick  sides  lined 
internally  with  tooth-like  processes ;  below  this  is  the  true  stomach,  c,  a 
large  b^  in  whose  parietes  are  situated  a  number  of  follicles  for  the 
secretion  of  bile,  which  tinges  this  part  of  a  rich  brown  colour.  From  the 
upper  part  of  the  stomach,  not  flu-  from  the  first  opening,  the  intestine 
passes  off  by  a  distinct  oriiice,  d.  surrounded  with  vibratile  cilia ;  and  this 
terminates  on  the  outer  side  of  the  ring  to  which  the  tentacula  are  affixed. 
The  whole  of  this  complicated  digestive  apparatus  seems  to  float  in  the 
easily  of  a  membraue  which  lines  the  cell,  the  interspace  being  filled  with 
ftud.  In  order  to  retract  it  within  its  sheath,  and  to  draw  down  the 
upper  portion  of  the  latter  as  its  protection,  a  very  curious  system  of 
muscles  is  provided,  which  probably  exhibits  this  structure  in  its  simplest 
form,  all  the  fibres  being  plainly  separate.     The  whole  process  of  digestion 


may  be  distinctly  watched  in  this  beautiful  little  animal.  The  food  < 
tained  by  the  motion  of  the  ciBa,  passes  into  the  mouth,  and  is  propelb 
downwards  to  the  first  stomach  or  gizzard,  by  the  contraction  of  the 
parietes  of  the  tube,  as  in  the  highest  animals.  After  being  subject  to  a 
brief  trituration  in  the  first  stomach  or  gizzard,  lite  that  which  is  performed 
by  the  masticating  apparatus  of  the  Kotifera,  it  is  passed  onwards  to  the 
principal  stomach,  where  it  remains  a  considerable  time  for  digestion,  being 
sometimes  regurgitated,  for  a  second  trituration,  to  the  gizzard.  The  eji- 
crementious  matter,  which  at  first  appears  Uke  httle  granules,  is  carried  by 
the  action  of  the  cilia  round  its  second  orifice,  into  the  intestine,  where  it 
accumulates  into  small  pellets,  which  are  gradually  propelled  to  its  termi- 
nation by  the  contraction  of  the  tube.  No  nervous  system  can  be  detected 
in  these  animals ;  yet  its  existence  might  be  inferred  from  the  presence  of 
distinct  muscular  structure,  of  which  different  parts  have  to  be  put  in 
action  at  the  same  time.  The  connection  of  the  different  cells  with  each 
other,  through  the  medium  of  the  stem,  seems  to  be  much  less  decided 
than  in  the  Sertularia;  but  it  cannot  be  doubted  that,  during  their  young 
state  at  least,  a  direct  communication  with  the  stem  exists.  There  is  coo- 
siderahle  variety  in  the  structure  of  the  animals  associated  in  this  group ; 
some  being  more  and  others  less  complex  than  the  one  now  described ;  hut 
they  agree  in  these  two  essential  points,  the  possession  of  a  second  orifice 
to  the  d^stive  cavity,  and  the  presence  of  ciUa  upon  the  arms.* 

153.  In  this  group  of  Polypes,  the  organs  of  support  more  evidently, 
but  perhaps  not  more  really,  form  a  part  of  the  animal  structure,  tlian  in 
other  instances.  The  homy  or  calcareous  matter  wliich  pves  strength  l» 
the  cell,  is  deposited  in  a  reflexion  of  the  membrane,  which  has  been 
spoken  of  as  covering  the  digestive  apparatus.  This  membrane  is  covere<l, 
especially  on  its  outer  side,  with  a  multitude  of  cylindrical  filaments  {which 
may  probably  be  regarded  as  epithelium  cells)  disposed  perpendicularly 
to  its  surface  ;  and  it  appears  to  be  either  in  or  among  these,  that  the  cal- 
careous matter  is  deposited.  The  polypidom  retains  a  much  higher  degree 
of  vitality  in  this  order  than  in  the  foregoing ;  as  is  proved  hy  the  changes 
of  form  which  the  cells  undergo  during  the  successive  periods  of  life. 
These  changes  do  not  consist  in  mere  addition,  but  in  the  alteration 
of  the  general  configuration,  and  are  principally  effected  upon  the  external 
surface.'l'  If  one  of  the  calcareous  polypidom*  of  this  tribe  be  submitted  to 
the  action  of  acid,  its  form  is  not  destroyed,  but  a  flexible  membranous 

'  A  very  common  form  of  thia  group  if  the  Fluslra,  eo  often  mbtakeri  for  a  Bea-weed. 
The  branches  of  an  ordinarj  specimen  may  present  about  10  square  inches  of  aurfeee  : 
each  squnre  inch  contains  about  IBOO  cells;  each  polype  has  usually  2-3  tenla- 
culs,  and  each  tentaculuoi  about  11)0  cilia.  So  that  on  such  a  gpecEmen  there  vDuld  be 
more  than  1S,00I1  polypes,  396,000  tentacula,  and  33,600,000  ciliu.  Other  species  cer 
tainly  contaia  more  than  ten  times  Ihese  numbers  -,  Dr.  Qrant  has  computed  about 
400,000,000  cilia  to  eiist  on  a  single  Fluslra  foliacea. 

i  Milne-Edvaids.aurleiEschares;  CompUsRendiis,  Jan. '20,  IflSI). 


■ubstance  retnuns,  like  thnt  which  is  left  nft^r  bone  has  iindergane  a 
nilar  action.     The   reproductive  apparatus  does  not  seem  essentially 
ifferent  from  that  nbeady  described  in  the  Sertularia.     The  deTclopment 
f  the  ciliated  reproductive  gemmule  into  the  perfect  animal,  has  been 
efully  watched  and  described  by  Dr.  Grant.     Ailer  swimming  about 
reely  for  some  time,  it  fixes  itself,  and  begins  to  spread  as  a  flat  expanded 
soon  secretes  white  particles  of  calcareous  matter,  which  form  the 
mtline  of  an  entire  cell ;  and  its  walls  become  gradually  more  defined  and 
ronger.     The  rudiment  of  a  polype  then  appears  at  the  bottom,  but  this 
i  at  first  no  cavity ;   subsequently  the  membrane  which  envelopes  it 
s  at  the  top,  the  tentacula  are  formed,  aud  the  whole  of  its  com- 
d  organism  is  evolved  by  degrees,    lu  the  mean  time,  the  gelstboua 
argil)  of  the  gemmule  has  extended  much  beyond  the  boundary  of  the 
t-formed  cell,  and  produces  others  in  like  maimer.     When  we  add  to 
I  history  of  the  first  development  of  these  animals,  the  fact  that  a  jior- 
n  of  the  gelatinous  flesh  removed  from  the  surface  will  also  form  cells 
d  produce  polypes,  it  becomes  evident  that  the  polype  is  not  the  essential 
■t  of  the  structure,  as  was  formerly  supposed. 
154,    The   last   group,    tliat    of   Asteroida    (Johnston),    or    Ahyonian 
Polypes,  presents  evident  affinities  with  the  Porifera.     In  the  structure  of 
the  individual  polypes,  we  return  in  part  to  the  type  which  characterised 
ihe  HeHanihoii/a ;   but  they  are  much  more  closely  connected  together, 
than  are  the  Actiniform  polypes  belonging  to  one  mass;  for  the  stomach  and 
_OTarittl  chambers  open  at  their  bottom  into  canals,  which  generally  unit£ 
1  each  other,  to  form  a  ramifying  plexus  through  the  soft  tissues, 
g  that  of  the  Sponge.     The  name  Astcroida  is  given  to  this  division, 
1  the  star-like  appearance  of  its  eight  short  thick  tentacula,  which, 
1  expanded  round  the   mouth,  present  the  aspect  of  an   Asterias. 
be  of  the  simple  forms  of  the  polypes  of  this  group  is  that  of  the 
vtcyonium  eios,  shown  in  Fig.   98,  where  a  is  the  mouth,  b  the  tube 
extending  into  the  common  mass,  and  e  a  separate  tube  in  which  gem- 
mules  are  developed  ;   the  latter  opens  into  the  cavity  of  the  stomach,  and 
the  gemmules,  when  mature,  pass  out  by  ttie  month.     In  other  species, 
^Btte  tubes  are  multiplied,  or  the  structure  becomes  more  complex  in  other 
^^ptys.     Between  the  lining  of  the  stomach  and  the  outer  envelope  of  the 
^^Keyonitiium  elegant  (Fig.  90),  there  is  a  considerable  space,  which  is 
subdivided  by  radiating  partitions  uito  eight  clmmbers.     In  these  cham- 
bers, which  communicate  with  the  tubular  tentacula  above,  and  unite  in 
the  general  cavity  below,  the  gemmules  are  produced  ;   they  appear  at  first 
e  little  protrusions  from  the  surface  of  the  membrane,  which  gradually 
separate  form,  remaining  attached  only  by  a  cord  ;  and  when 
s  has  separated,  they  find  their  way  into  the  stomach,  and  pass  out  by 
e  mouth.     The  character  of  the  general  mass  by  which  the  polypes  are 
ipported  and  connected,  varies  much  in  different  species.     In  the  Aleyo- 
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name  of  Coratlmes,"  on  the  true  place  of  which  in  the  scale  of  being, 
doubt  still  reraaina.  They  consist  of  jointed  stems  and  branches,  close] 
resembling  the  asis  of  the  Isia  Hippuris  ;  having  calcaieoua  matter  depo- 
sited at  intervals  in  an  organised  tissue,  which  ia  composed  of  cells  like 
those  of  Plants,  but  which  has  the  chemical  characters  of  Animal  matter. 
They  may  perhaps  be  regarded,  like  Sponges,  as  Polypifera  simplified ; 
the  axis  only  being  developed,  and  its  tissue  being  nourished  by  absorption 
through  its  whole  surface,  instead  of  hy  food  taken  in  and  digested  by 
pol3^e-mouths.  In  this  respect,  the  Coralline  will  correspond  with  the 
transitory  condition  of  any  of  the  branching  jlsteroida ;  in  which  the 
branches  are  developed  by  their  own  powers  of  increase,  before  the  polype* 
cells  are  formed  upon  their  surface. 


157.  Having  thus  passed,  in  brief  review,  the  principal  groups  whidi 
naturally  present  themselves  to  our  notice  in  the  Animal  Kingdom,  it 
remains  to  show  the  manner  in  which  their  grand  divisions  are  connected 
together,  and  then  to  enquire  how  far  these  may  be  regarded  as  in  any 
respect  analogous  to  those  which  have  been  estabUshed  among  Plants. 
Starting  from  the  Pbytozoa,  in  which  we  liud  the  simplest  and  at  the  same 
time  most  varied  forms  of  Animal  structure,  the  transition  is  easy  to  the 
Mollusca,  by  those  higher  species  among  the  Polypes  which  have  beeu 
mentioned  as  almost  constituting  a  distinct  class,  and  as  being  closely 
allied  with  the  Tunicata.  Rising  from  this,  the  lowest  class  of  Molluscs, 
to  the  Cephalopod  tribes,  we  manifestly  approach  the  Vertcbrata,  From 
the  Vertebrata,  the  transition  to  the  Articulata  has  been  shown  to  be 
easy,  hy  the  occurrence  of  vermiform  suctorial  Fishes  so  simple  in  their 
structure,  that,  were  it  not  for  the  characters  presented  by  their  nervous 
system,  they  might  almost  be  associated  (as  the  older  naturalists  did  asso- 
ciate them)  with  the  Leech  and  its  allies.  In  the  higher  Articulata, 
especially  the  lusects,  we  find  the  Annulose  type  of  structure  carried  to 
such  perfection,  that,  in  the  characters  peculiarly  animal,  its  nierabers  far 
surpass  the  inferior  species  among  Vertebrata.  Their  peculiar  tendency, 
however,  appears  to  he  towards  the  high  development  of  the  iiislinetive 
powers,  by  which  all  their  actions  are  guided  with  the  greatest  uniformiq? ; 
whUst  among  the  Vert^brated  classes  a  gradual  subordination  of  these  to 
the  reasoning  faculties  may  be  observed.  These  tendencies  are  found  to 
be  associated  with  certain  characters  presented  hy  the  nervous  system ;  the 
central  organs  of  which  are  consolidated  among  the  Vertebrata  into  one 

•  ThJH  term  ia  eommon/j/  applied  to  the  flexible  homy  polypidonia  of  the  Hydroida  aod 
Aalerovla;  but  it  is  property  rentriclcd  to  the  Btruuturcs  here  incntinned,  which,  at  uo 
period  of  their  existence,  exhibit  any  traces  of  Folypca,  or  any  definite  mitiuationn  uf 


icipal  ganglion,  and  in  the  Arliculata  distributed  among  many.      As 

s  been  well  observed  by  Mr,  Maclesy,  "  Perfection  among  the  Annulosa 

s  always  tending  to  make  tiie  Biiimal  a  complicated  machine,  guided 

olely  by  the  instinct  implanted  in  it  by  its  Creator  ;    wliilst  in  the  Verte- 

rata,  perfection  seems  to  tend  to  make  the  nnimal  a  free  agent,  and  to 

^der  it  more  independent  of  estemiil   circumstances."      Between  the 

B-Articidata  and  Radiata,  a  very  manifest  connection  is  cflected  by  such 

Buimals  among  the  latter  as  the  Uolothuria  and  Siponculus,  which,  with 

r  the  general  structure  of  the  Echinodermata,  present  a  remarkable  tendency 

to  the  Annulosc  form  ;   as  well  as  hy  the  class  Cirrhopoda  among  the 

1  former,  the  shell  of  which  is  constructed  much  upon  the  ]>lan  of  that  of 

the  Bchinns :   and  Irom  the  Radiata  we  may  return  to  the  Phytozoa  by 

numerous  links  of  transition,  such  as  the  group  of  Acalephie,  with  some  of 

which  the  Actinite  are  nearly  allied.     The  circle  of  aflinities  may  therefore 

be  expressed  iu  the  following  manner : — 

-.     Vkrtkbrata.  Artiovlata.      j/ 


MOLLUSCA. 


158.  This  is  only  expressing,  in  a  difFerent  form,  what  was  long  ago 
perceived  by  Lamarck,  that  the  Articulata  and  MoUusca  cannot  be 
regarded  as  succeeding  each  other  in  any  scale,  that  should  ascend  in  a 
Nngle  line  from  the  lowest  to  the  highest  of  the  Animal  creation ;  but 
that,  Ironi  the  sub-kingdom  Radiata,  a  passage  might  be  fonned  to  the 
Vertebrata  through  two  distinct  tracks  or  series.  If  these  divisions  be 
admitted  as  naturally  expressing  the  principal  types  of  stmctiire  which 
prevail  in  the  Animal  kingdom,  a  very  curious  series  of  analogies  may  be 
pointed  out,  which  indicate  their  correspondence  with  those  already  stated 
as  the  primary  groups  of  the  Vegetable  world.  In  making  such  compa^ 
risons,  it  should  be  carefidly  Imme  in  mind,  that  we  must  not  expect  to  find 
among  Plants  any  characters  anEdogons  to  those  peculiar  to  the  Animal 
Idngdom ;  and  that  we  must  therefore  be  guided  rather  by  the  general 
h  Blan  of  structure,  and  by  the  arrangement  of  the  vegetative  organs,  than  by 
L  aoy  of  those  details  which,  in  the  higher  classes  of  Animals  especially,  arc 
BO  much  modified  hy  their  connection  with  the  functions  of  relation.  For 
it  must  be  recollected  that,  whilst  per/ccd'on  in  the  Vegetable  kingdom  has 
reference  to  the  nutritive  system  alone,  amongst  Animals  it  is  the  mani- 
festation in  the  lughest  degree  of  the  powers  of  sensation  and  locomotion, 
and  of  the  psychical  faculties  which  are  connected  with  them.  Keeping 
these  principles  in  view,  therefore,  we  may  proceed  to  a  more  particular 
enquiry  into  the  analogies  just  referred  to. 

Thai  the  closest  affiuity  between  the  .^Jiimal  and  Vegetable  King- 


(loma  exists  in  their  respective  groups  of  Phvtozoa  and  Protophyi 
every  naturalist  is  veil  aware  ;  and  those  who  have  esamined  the  matti 
less  scientifically  finil  so  nes,r  a  resemhlance  in  their  forms,  tliat  the  visitor 
of  tlie  sea-coast  almost  always  associates  his  Algie  and  Polypifere  in  the 
collections  he  makes  there.  Nor,  when  enquiry  is  made  iuto  the  details, 
is  it  always  easy  to  effect  the  separation ;  since  the  simplest  forms  of 
Animals  and  Plants  approach  each  other  so  closely  in  structure,  that  no 
diagnostic  mark  can  distin^sh  them ;  and  the  supposed  presence  or 
absence  of  sensihility  and  volnutary  power  is  all  the  criterion  which  we 
possess  (5  2Q2).  The  correspondence  in  the  condition  of  their  nutritive 
Ainctions  is  peculiar  throughout  these  two  groups ;  for,  whilst  the  Sea- 
weeds imbibe  the  alimentary  fluid  at  every  part  of  their  surface,  the  same 
universal  power  of  absorption  appears  to  exist  among  the  lower  Phytozoa, 
both  by  the  outer  tegument  and  by  the  inversion  of  it  which  forms  the  lining 
of  the  stomach  ;  and  whilst,  among  the  Lichens,  we  usually  find  one  sur- 
face dry  and  hard,  and  the  other  especially  adapted  for  absorption,  so  do 
the  Polypifera  present  us  with  many  illustrations  of  the  restriction  of 
the  absorbent  power  to  the  sides  of  the  digestive  cavity,  the  external  sur- 
face being  more  or  leas  excluded  from  it  by  the  hardness  of  its  envelope. 
Another  very  interesting  correspondence  between  the  Phytozoa  and  the 
Protophyta  may  be  noticed.  It  has  been  well  remarked  that,  in  the  con- 
struction of  the  lowest  and  simplest  of  the  Animal  kingdom.  Nature,  so  far 
from  forgetting  order  (which  in  their  most  dissimilar  forms  might  almost 
appear  to  have  been  left  out  of  view),  has,  at  the  commencement  of  her 
work,  given  us  a  sketch  of  the  different  forma,  which  she  intended  after- 
wards to  adopt  in  the  liigher  parts  of  the  scale.  Thus,  in  the  fleshy 
hving  mass  which  surrounds  the  earthy  axis,  formed  in  concentric  lavew, 
of  the  floating  Polypi,  she  has  sketched  a  Vertebrated  animal ;  whilst  in 
the  crustaceous  covering  of  the  hving  tissues,  and  in  the  structure,  more 
or  less  articulated,  of  the  sheathed  Polypes,  we  trace  the  form  of  the 
Annulose  classes.*  Moreover,  in  the  arrangement  of  the  parts  of  the 
individual  Polypes,  the  Bodiated  structure  distinctly  prevails ;  whilst  in 
the  softness  of  their  tissues,  and  in  their  inert  habits,  we  have  an  obviqns 
foreshadowing  of  the  MoUusca,  It  would  not  be  difficult  to  trace,  in  like 
manner,  among  the  ever-varying  forms  of  the  Protophyta,  the  outlines  of 
the  four  remaining  divisions  of  the  Vegetable  kingdom.  The  representation 
of  Mosses  among  the  Lichens,  and  that  of  Fungi  among  the  Lichens  and 
AlgEB,  have  been  already  noticed ;  and  among  the  Sea-weeds  we  may 
distinctly  trace  indications  of  the  Endogenous  structure  iu  the  hollow 
stem  of  the  Latiiiaaria  buecinalis,  whilst  the  Exogenous  mode  of  growth 
is  still  more  frequently  manifested.  It  would  be  too  long  to  pursue  this 
subject  into  its  ramifications  ;  and  the  following  quotation  from  the 
writings  of  M.  Agardh,  one  of  the  most  eminent  cryptogauiists  of  the 
"  Owen  ill  Cy«l.  of  Aniit.  i.  p.  49. 
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resent  day,  must  therefore  suffice  for  the  present : — "  Int^r  inferiorea 
,  superiores  seepe  efHorescunt,  sed  rades  et  vcluti  ejcperimenta  ;  sic 
itidpatioDes  formse  perfections  in  plautis  inlerioribus  non  raro  obvcniant ; 
a  plantis  superioribus  regressus  ad  formam  impert'ccticretn." 

160.  Passing  ou  to  the  Fungi  and  Radiata,  we  may  obsenre  a  resem- 
s  manifested,  in  the  first  place,  generally,  by  the  tendency  exhibited 

D  the  higher  divisions  of  the  former  group,  to  that  regular  arrangement  of 
<  around  a  common  centre,  nhich  is  so  characteristic  of  the  latter ; 
■"tod,  again,  by  the  very  curious  analogies  in  the  position  of  the  reproductive 
organs,  between  various  Medusee  and  Echinodermata,  on  the  one  hand, 
and  species  occupying  a  similar  place  among  the  Fungi  on  the  other.  To 
show  that  these  comparisona  are  not  forced  or  puerile,  the  language  of 
Agardh  may  again  be  quoted.  *'  Fungi  superiores  Animalia  Radiata,  ob 
figuram  radiautem,  ob  superticiem  uudam,  ob  texturam  laxani,  ob  coloreni 
subsimileni,  non  male  revocant," 

161.  The  sub-kingdom  Mollusca  hears  several  analogies  with  the 
group  of  Ferns  and  Mosses,  of  which  the  following  may  be  shortly  men- 
tioned. It  is  among  the  Ferns  and  their  allies  that  wc  observe  the  spiral 
mode  of  development  more  evident  than  in  any  other  branch  of  the  Vegetable 
kingdODi ;  being  indicated,  not  only  in  the  arrangement  of  the  leaves  round 
the  stem,  but  in  the  development  of  the  leaves  themselves.  This  spiral 
tendency  is  also  manifested  in  the  Gasteropoda,  the  typical  MoUusca,  more 
strongly  than  in  «iy  other  animals,  and  the  mode  b  which  the  stem  of 
Ferns  is  formed  by  additions,  consisting  of  the  adherent  petioles,  to  its 
extreniity  alone,  bears  a  very  close  analogy  to  the  growth  of  the  shell  of 
the  MoUoscB,  by  the  formation  of  a  new  laniiua  at  its  edge. 

162.  The  correspondence  of  Articolata  with  Endogens,  as  well  aa 
that  of  Vertebrata  with  Exogeus,  was  long  ago  pointed  out  by  Desfontaines, 
who  first  discovered  this  primary  natural  division  of  the  Pbauerogamia 
founded  on  the  structure  of  their  stems.  Thus,  both  of  the  groups  just 
mentioned  have  their  hardest  portions,  or  organs  of  support,  placed  exter- 
nally ;  in  both,  the  additions  to  their  tissue  are  formed  from  within ;  in 
both  also  there  is  usually  a  distinct  division  into  segments,  each  of  which 
in  Plants,  as  in  the  lower  Anuulose  aiuuials,  eoutnins  the  organs  essential 
to  its  vitality  ;  and  in  Endogens,  as  in  Insects,  are  the  trachea:  (respiratory 
tubes,  %  31)  distributed  through  the  whole  system.  The  hard  external 
parietes  of  these  classes  undergo  little  or  no  change  in  diameter  when  once 
fully  formed  ;  but  Endogenous  plants  have  not  that  power  of  oeeasionally 
throwing  them  off,  which  is  possessed  by  most  of  the  Articidated  animals. 

1 G3.  In  Uke  manner,  Exogens  may  be  considered  analogous  to  Verts- 
r\,  in  the  internal  situation  of  their  hard  parts,  the  formation  of  new 
e  from  without,  the  less  distinct  division  into  segments,  and  the  con- 
lement  of  the  internal  respiratory  apparatus  to  a  particular  situation  in 
;  fabric.     As  in  the  hardened  (egument  of  many  Vertebrata  we  obsene 


s  of  the  external  skeleton  of  the  lower  animals,  so  in  the  fom 
lion  of  the  bark  of  Exogens  by  additional  layers  from  within,  we  trace  t] 
remnant  of  the  Endogenous  structure  ;  and  the  process  of  decortication  c 

cely  tail  to  remind  us  of  the  exuTiation  of  the  skin  among  Serpents,  an 
order  in  which  the  Annulose  form  is  so  strongly  marked,  and  which  thus 
retains  one  of  its  leading  characterlsties.  The  following  table  will  place  u 
an  obvious  aspect  the  respective  positions  of  these  principal  groups  of  tfa( 
Animal  and  Vegetable  kingdoms  : — 


It  is  the  opinion  of  some  Zoolo^^sts  that  the  primory  distribution  of  the 
Animal  Kingdom  is  into  three  groups,  Vertebrata,  AnnuJosa,  and  Mol- 
lusca ;  the  last  division,  comprehending  the  Mollusca  proper,  Radiata, 
and  Phytozoa,  would  then  obTiously  be  analogous  to  that  of  the  CrypUi- 
gamia  amongst  vegetables,  which  includes  Ferns  and  their  allies.  Fungi, 
and  Protophyta. 

1G4.  It  will  he  seen  that,  in  the  foregoing  arrangement,  what  is  called 
the  circular  system  has,  to  a  certain  extent,  been  adopted.  Naturalists 
have  long  been  aware  that,  both  in  large  and  in  small  groups,  it  is  impos- 
sible to  arrange  the  individual  parts  in  such  a  maimer,  as  to  be^n  with  the 
lowest,  and  end  with  the  highest ;  but  that,  from  whatever  point  we  start, 
we  may,  by  pursuing  the  various  gradations  of  stnicture  presented  to  us, 
return  to  that  point  again.  A  very  interesting  illustration  of  this  principle 
has  been  given  when  the  class  of  Reptiles  was  described.  Botanists  have 
reeogniscd  the  same  tendency,  from  the  time  that  the  Natural  arrangement 
was  first  pursued ;  and  the  power  of  thus  tracing  a  peculiar  type  of  con- 
formation through  all  its  varieties,  without  being  checked  in  any  part  by  a 
broad  hiatus,  may  be  regarded  as  characteristic  of  a  complete  natural 
gronp.  The  affinities  of  its  members  should  not,  however,  be  complete 
within  itself  alone  ;  for  the  various  modifications  which  the  principal  type 
undergoes,  should  exhibit  so  many  transitions  to  the  neighbouring  groups. 
The  typical  member  of  any  group  will  be  that  one  which  exhibits  its  jiecii- 
littrities  of  form,  structure,  and  economy,  in  the  greatest  perfection,  without 
any  one  being  predominant  over  the  others  [  and  hence  the  types  of  dif- 
ferent groups  will  lie  much  more  widely  separated  fiom  one  another,  than  are 
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those  aberrant  members,  as  they  are  termed,  which  possess  these  characters 
in  a  less  remarkable  or  less  united  degree,  some  being  modified  or  softened 
down,  as  it  were,  to  meet  those  of  the  neighbouring  division.  Thus, 
nothing  can  be  more  unhke  than  an  Insect  and  a  Star-fish,  or  than  a  Snail 
and  a  Herring ;  yet  we  find  them  connected  by  an  almost  perfect  chain, 
and  where  there  are  deficiencies,  it  does  not  seem  improbable  that  future 
discoveries  may  supply  them.  For  the  more  we  know  of  the  internal 
structure  of  recent  and  extinct  animals,  the  more  are  we  enabled  to  recog- 
nise the  general  truth  of  the  aphorism  of  Linnaeus,  ''  Natura  non  fiat  per 
saltum." 

165.  It  may  be  doubted  whether  the  circular  arrangement  is  competent 
to  express  all  the  affinities  which  a  truly  natural  group  will  present ;  and, 
abstractedly  speaking,  it  is  probable  that  a  natural  group  is  to  be  repre- 
sented by  a  sphere  rather  than  a  circle ;  its  typical  form  being  regarded 
as  the  centre,  and  its  aberrant  members  connecting  it  by  affinity  with  its 
neighbours  in  all  directions.  If,  then,  this  modification  of  the  system 
would  seem  to  be  required  to  preserve  its  harmony  with  Nature  (and  it 
is  useless  to  pursue  any  system  as  a  means  of  attaining  to  the  knowledge 
of  Nature's  laws  which  does  not  constantly  preserve  this  harmony),  we  shall 
be  still  more  disinclined  to  adopt  the  opinion  of  those  who  maintain — not 
only  that  every  natural  group  forms  a  circle,  touching  the  neighbouring 
ones  on  each  side,  and  all  these  entering  into  the  formation  of  a  larger 
circle ; — ^but  that  the  number  of  divisions  in  each  circle  throughout  the 
whole  Animal  and  Vegetable  kingdoms  is  exactly  five.  It  is  scarcely  pos- 
sible to  believe  that  Nature  has  been  so  restricted ;  and  although  some  of 
the  leading  classes,  as  those  of  Birds  and  Insects  among  Animals,  and  of 
Exogens  and  Endogens  among  plants,  appear  naturally  subdivided  upon 
this  plan,  its  appHcabihty  to  other  groups  is  very  doubtful.  A  very  beauti- 
ful theory  has  been  erected  by  Mr.  Swainson  and  others  upon  the  circular 
mode  of  arrangement ;  but  as  the  basis  is  not  firm,  the  superstructure  is 
still  less  so.  Each  division  of  a  circular  group  is  regarded  as  presenting 
the  characters  of  the  type  of  that  group,  modified  according  to  a  certain 
fixed  plan.  Thus,  in  the  Mammalia,  whatever  may  be  the  peculiar  cha- 
racter of  the  order,  as  that  of  Bats  or  Marsupialia,  one  division  will  always 
be  carnivorous,  another  will  have  an  aquatic  tendency,  another  will  have 
long  tails,  and  so  on.  Upon  this  hypothesis,  each  division  of  one  group 
will  present  a  certain  correspondence  with  the  similar  division  of  every 
other  group,  whether  of  the  same  rank  with  itself  or  not,  since  they  are  all 
formed  upon  the  same  plan ;  hence  these  corresponding  divisions  may  be 
regarded  as  representing  each  other  throughout  the  whole  kingdom.  It 
cannot  be  denied  that  we  constantly  meet  with  exemplifications  of  this 
doctrine,  both  among  Plants  and  Animals ;  but  its  universality  has  been 
by  no  means  established. 


STRUCTURES. 


VIII. — Symmetry  of  Organised  Structures. 

1 66.  No  one  can  observe  the  externnl  forms  of  the  Animals  which  o 
monly  present  themselves  to  his  notice,  without  remarking  an  unifonnitv 
of  the  parts  composing  the  two  aides  of  the  body,  which  is  termed  tym- 
metry.  But  symmetry  may  exist,  not  oniy  where  there  is  this  evident 
correspondence  of  two  halves,  (in  which  ease  it  ia  said  to  be  bi-lateral)  ; 
but  also  in  the  regidar  arrangement  of  many  similar  parts  around  a  com- 
mon centre,  as  in  the  Asteriaa,  Echinus,  and  others  of  the  itadiata ;  or  in 
a  spiral  disposition  of  similar  organs  around  a  cylinder,  which  is  the  regular 
type  of  sj-mmetry  in  the  Vegetable  kingdom.  Moreover,  although  there 
may  be  symmetry  of  external  form,  the  internal  organs  may  not  be  alike 
on  the  two  sides ;  tbiti  is  the  case  in  nearly  all  Animals.  We  shall  enquire, 
then,  what  general  principles  can  be  specified,  as  to  the  symmetrical 
arrangement  of  the  organs  of  Plants  and  Animals. 

167.  In  many  of  the  simpler  tribes  of  Plants,  although  there  is  a  mode 
of  growth  peculiar  to  each  species,  it  is  difficult  to  recognise,  in  the  geiieriJ 
indefiniteness  of  form,  any  well-marked  symmetrical  characters.  Thus,  lU 
the  simpler  alg.g,  licbens,  and  fungi,  the  growth  of  each  individual 
is  so  modified  by  circumstances,  that  it  would  be  impossible  to  assign  any 
determinate  boundaries  to  its  outline ;  and  there  is  no  donbt  that  hasty 
attempts  to  characterise  different  races  by  their  external  forms,  have  Iwi  to 
much  erroneous  multiplication  of  species.  Proceeding  to  higher  tribes  of 
the  Cryptogamia,  however,  we  soon  find  an  evident  tendency  to  symiDC- 
tricftl  disposition  of  parts.  Thus,  in  the  more  perfect  fungi  (such  as  tie 
Mushroom  tribe),  there  is  a  circular  stem  surrounded  by  a  system  of  argaiit 
regularly  radiating  from  it  as  a  centre."*^  In  the  mosses  we  find  abundnnt 
evidence  of  a  spiral  arrangement  of  the  leaves  around  the  axis ;  and  in  the 
FiiRNS,  this  disposition  of  the  organs  is  a  remarkable  aud  striking  cha- 
racter of  the  group.  The  fronds  composing  the  crown  that  sivmouuts  the 
bteni,  in  those  arborescent  species  which  add  so  much  to  the  beauty  of  the 
tropical  landscape,  are  evidently  arranged  in  a  spiral  form  around  it. 

1G8.  Although  amongst  the  Phanekugamia  there  are  many  individual 
iustmices  of  the  same  tendency,  yet  it  cannot  he  universally  recognised, 
except  by  the  philosophic  Botanist.  It  may  be  regarded,  however,  as  the 
general  law  of  the  arrangement  of  the  branches,  leaves,  aud  parts  of  the 
flower,  that  they  are  disjiosed  spirally  around  the  a.tis  of  growth  ;  althouf^ 
the  proof  of  this  arrangement,  in  numerous  individual  cases,  would  be  dif- 
ficult, owing  to  the  interference  of  perturbing  causes.  The  theory  of  the 
apiral  development  of  the  leaves,  &c.  around  the  stem,  is  found  to  account 
tor  all  the  varieties  occurring  in  their  arrangement;  and  where  ojipotUe 
leaves  (asinthe  Ilouey-suckle),  or  ueriici/j  or  whorls(asinthe  Strawbeny), 

"  It  is  (irobahle,  however,  from  whiit  will  91101117  '"'  nientionsii,  that  this  ananaemajl. 
tliouijli  uiiyareiLtlj-  tiruiulur,  b  TtaWy  ^ii^J,\. 
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havp  bpen  thus  produced,  they  will  again  he  rendert'd  alternate  or  spiral, 
i>y  any  cansc  which  restores  the  stem  to  its  f»\\  ilpTelopment.  It  hns  now 
lieeu  completely  estahlished,  thiit  the  laws  of  the  arrangement  of  the  leavea 
are  equally  applicahle  to  the  disposition  of  the  parts  of  the  flowpr,  each  of 
whieh  may  he  regarded  as  a  different  form  of  a  common  rndiinpntary  lipe 
(^tll).  In  a  regular  flower,  the  bracts  eonstitnte  the  first  or  e\temnl 
verticil, — the  calyx,  the  second, — ami  so  on.  That  the  parts  of  each  divi- 
sion of  the  flower  should  appear  to  arise  from  the  same  circle  on  the  axis, 
only  results  trom  the  non -development  of  the  latter;  and  althongh,  there- 
fore, their  symmetry  might  appear  to  he  circular,  yet  it  is  in  reality  spiral. 
This  is  shown  by  the  faet,  that  the  vertirils  of  the  flower  are  sometimes 
separated,  Uke  those  of  the  leaves,  by  the  iiicrcnse  in  length  of  the  stem  (m 
which  they  are  situated :  as  not  uncommonly  happens  iii  the  double  Tulip. 

I6U.  It  appears,  then,  that  where  there  is  determinate  sjnrmetryof  (brm 
in  the  Vegetable  kingdom,  it  is  manifestly  of  a  sjiiral  character.  Now  a 
spiral*  is  evidently  formed  by  the  uniou  of  a  circular  and  a  longitudinal 
motion.  The  latter  is  usuaUy  produced,  in  the  growing  Plant,  hy  the 
development  of  the  asis ;  hut  where  this  is  from  any  eaiise  checked,  a 
circular  arrangement  is  the  conseijueuce.  This  woidrf  seem  the  pmbiible 
explanation  of  the  form  of  the  Fungi ;  and  we  shall  find  a  remarkable 
uialogous  instance  in  the  Animal  Kingdom  (§  l/l)-  This  tendency  to 
i^aral  developmeot  is  exhibited,  not  only  in  the  arrangement  of  the  leaves, 
ftc.  upon  the  axis,  but  sometimes  in  the  form  of  the  stem  itself  (as  in  the 
gnnip  of  climbing  plants),  or  in  its  iiiternal  structure.  Each  twining 
species  has  a  determinate  direction,  which  is  generally  from  right  to  left, 
as  in  the  Convolvolus,  Passion-flower,  &c. ;  hut  sometimes  from  left  to 
right,  as  in  the  Hop  :  and  this  caunot  he  artificially  changed  without 
breaking  the  plant,  or  stopping  its  growth. 

irO.  lu  the  lowest  group  of  animals,  that  of  the  portfera,  we  may 
perceive  a  similar  want  of  definite  form,  to  that  which  was  noticed  in  the 
corresponding  tribes  of  Plants ;  and  the  first  indications  of  STmmetrical 
arrangement  of  parts,  are  found  in  the  tentacula  which  tringe  the  oral 
apertnres  of  the  polypes.  As  to  the  form  of  the  Polypidonis  (§  150) 
themselves,  a  bi-lateral  symmetry  may  be  occasionally  ohsened  in  the  free 
species,  the  Pennafnla  (§  1,5-1)  for  example;  whilst  in  many  of  those  which 
are  attacked,  a  branched  appearance  is  exhibited,  which  may  perhaps  he 
regulated  by  laws  of  the  same  kind  as  those  which  govern  the  Vegetable 
structures  they  so  much  resemble.  Among  the  AcHniform  and  AlcyimiaH 
PolypCT,  circular  symmetry  is  apparent ;  and  through  them  we  pass  to  the 
higher  Rabiata,  in  which  we  find  the  most  remarkable  specimen  a{  circu- 
lar aymmetry  that  the  Animal  Kingdom  exhibits.  No  one  can  fail  to 
remark  the  estreme  and  beautifiil  regularity  of  the  disposition  of  the  nmne- 

*  A  htUr  ia  the  marc  correct  mathematical  temi  for  (he  curvt,  reeembling  thnl  of  a 
eork-eciew.  which  is  here  iiiltiided. 
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i-oiis  plates  of  the  Echinus  or  Asterms,  or  of  the  several  portions  of  the 
CoRiatula  or  Pentammia,  aroand  a  common  centra.  Late  investigations 
have,  nevertheless,  rendered  it  almost  certain  that  the  development  of  thrse 
Animals  proceeds,  like  that  of  Plants,  upon  a  gpiral  type ;  for  Agassiz  has 
shown  that,  whilst  the  number  of  pieces  is  increasing,  the  new  ones  arc 
added  cm  this  plan.*  It  is  easy  to  see  how  the  want  of  longitudinal 
develo|iment  shall  occasion  this  apparent  deviation,  as  in  the  instances 
among  plants  which  have  been  already  explained.  That  the  Radiata  shoidd 
preserve  the  mode  of  development  which  we  have  seen  to  characterise  the 
Vegetable  Kingdom,  is  not  surjirisiug,  when  we  reflect  upon  the  very  small 
portion  which  their  animal  functions  bear  to  those  of  organic  life.  None 
of  them  possess  any  high  degree  of  sensibility ;  and  whilst  many  of  them 
are  fixed  like  Plants,  during  a  part  or  the  whole  of  their  existence,  none 
possess  any  very  active  powers  of  locomotion.  As  a  general  rule,  then,  it 
may  he  stated  that  eircalar  or  spiral  symmetry  exists  where  a  number  of 
.  organs  of  similar  character,  (repeating  each  other,  Uke  the  leaves  of  Plants, 
or  the  rays  of  a  Star-fish,)  are  associated  together  into  one  fabric. 

171.  In  the  sub-kingdom  Articulata,  the  tendency  to  hi-lateral  sym- 
metry is  carried  to  its  greatest  extent,  Throughout  the  whole,  we  observe 
a  perfect  correspondence  between  the  two  sides,  in  external  shape ;  and 
even  some  of  the  nutritive  organs,  which  in  higher  classes  of  Animala 
maintain  their  asymmetrical  form  (such  as  those  of  circulation  and  respirs- 
tion),  are  here  developed  equally  on  the  two  sides.  It  is  among  the  Insect 
tribes  that  the  locomotive  powers  are  carried  to  their  highest  development ; 
the  instruments  adapted  for  this  purpose  arc,  of  necessity,  perfectly 
balanced  on  the  two  sides  ;  and  the  arrangement  of  other  systems  is  maJf 
to  coincide  as  much  as  possible  with  the  same  plan.  The  bulk  of  their 
bodies  is  made  up  of  the  muscles  concerned  in  their  movements  ;  and  to 
these  the  viscera  appear  altogether  subservient. 

172.  In  the  sub-kingdom  Molltjsca,  on  the  contrary,  we  find  a  ten- 
dency of  precisely  an  opposite  kind.  Every  thing  in  them  is  sacrificed  W 
the  high  development  of  the  nutritive  apparatus,  which  constitutes  almost 
the  entire  bulk  of  the  body ;  the  locomotive  organs  are  in  general  only 
adapted  for  slow  and  feeble  progression ;  and  in  many  mstanoes  the  Animali 
of  this  class  arc  fixed  to  some  immoveable  support  during  nearly  the  whole 
of  their  lives.  We  find,  accordingly,  that  there  is  a  general  want  of  bi- 
lateral symmetry  throughout  the  group,  except  in  those  highest  members 
of  it,  the  CEPHALOPODA,  the  structure  of  which  borders  on  that  of  the 
Vertehrata  (§  132),  and  in  the  pteropoda,  which  are  pecuharly  adapted 
for  rapid  locomotion.  Other  esceptions  occur  also  among  the  shell-less 
Gasteropoda,  which  are  usually  more  active  than  the  testaceous  species. 

•  He  also  conadets  that  there  ia  some  degree  of  bl-lnteral  sjmmetry  in  Iheac  dB»e«; 
bat  it  ia  usually  only  such  oe  a  fioujer  presents,  the  tegular  diapoation  0!  whose  f«ra 
enablea  it  tn  ))e  cqiinll;  divided  by  a  median  thie. 
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It  is  in  the  class  of  gasteropoda,  and  in  those  Cephalopoda  which  border 
upon  it,  that  we  remark  the  spiral  arrangement  of  the  different  parts  of 
the  apparatus  of  organic  life,  carried  to  the  greatest  extent  which  it  attains 
in  the  Animal  kingdom ;  but  still  it  may  be  observed  that  the  organs  of 
animal  life,  which  are  principally  disposed  on  or  near  the  head,  retain  a 
considerable  degree  of  symmetry.  Here  we  find  the  phenomenon  of 
reversion  by  no  means  unirequent.  The  usual  direction  of  the  spires 
of  shells  is  from  left  to  right ;  but  there  are  some  genera  and  species  in 
which  the  contrary  direction  is  universally  taken  (Planorbis),  and  others 
in  which  it  is  occasionally  exhibited  (Buccinum  undatum).  In  the  Con- 
CHiFERA,  we  find  a  general  want  of  lateral  symmetry,  connected  with 
feeble  locomotive  powers,  and  with  absence  of  defined  head ;  except  in  a 
few  instances,  where  the  two  halves  of  the  shell  and  their  contained  parts 
have  more  than  usual  resemblance. 

173.  In  the  Vertebrata,  the  locomotive  system  of  the  Articulated 
classes  may  be  regarded  as  united  with  the  nutritive  apparatus  of  thQ 
MoUusca.  The  high  development  of  the  animal  powers  requires  the  perfect 
adaptation  of  the  external  organs  to  the  purpose  of  voluntary  movement ; 
and  we  consequently  find  that  these  are  always  arranged  so  as  to  present 
an  exact  uniformity  of  the  two  sides.  But  this  uniformity  is  only  external ; 
for  the  various  parts  composing  the  nutritive  apparatus  are  developed  more 
or  less  upon  an  asymmetrical  plan.  The  situation  of  the  heart,  liver, 
pancreas,  &c.,  the  relative  size  of  the  lungs,  and  of  the  oviducts  in  Birds, 
are  instances  of  this  tendency,  which  has  not  been  overcome  by  the  oppo- 
site system  so  completely  as  in  Insects.  Still,  however,  it  is  worthy  of 
remark  that,  during  the  progress  of  the  development  of  the  higher  Verte- 
brata, there  is  evidence  of  more  perfect  bi-lateral  symmetry  of  the  organs 
of  nutritive  life  than  is  subsequently  maintained.  Thus,  the  situation  of 
the  heart  and  the  arrangement  of  the  large  vessels  are,  at  an  early  period, 
nearly  similar  as  to  the  two  sides  of  the  body ;  and  at  a  later  epoch,  the 
liver  extends  nearly  as  far  on  the  left  side  as  on  the  right.  Instances  of 
the  reversion  of  all  these  organs  are  not  unfrequent,  the  heart  and  stomach 
being  found  on  the  right  side,  the  liver  on  the  left, — and  so  on.  It  cannot 
be  doubted  that  the  cause  of  this  transposition  of  the  viscera  is  the  same 
as  that  of  reversion  among  the  MoUusca. 
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CHAPTER   I. 

ON   THE    NATURE    AND    CAUSES    OF  VITAL    ACTIONS. 

174.    There  is  no  department  of  philosophy  around  which  so  much 
unnecessary  mystery  has  heen  cast,  as  the  investigation  of  the  character 
and  laws  of  the  Phenopaena  of  Life.     And  this  veil  of  mysteiy  will  long 
continue  to  haffle  the  curiosity  of  those  who  have  not  received,  either 
directly  or  indirectly,  the  mental  training  which  the  pursuit  of  Physical 
Science  affords.      To  designate  any  of  the  actions  of  a  hving  body, — 
whether  its  reception  of  food  from  without,  its  conversion  of  that  food 
into  the  materials  of  its  own  structure,  the  movements  of  its  parts  upon  one 
another  or  those  of  the  whole  fabric,  its  production  of  other  beings  like  itself, 
— as  vital,  or  as  effected  by  the  vital  principle,  has  long  been  regarded  as 
placing  a  sufficient  check  upon  further  enquiry.     The  history  of  Physical 
Science  shows,  however,  that  it  was  once  labouring  under  the  same  re- 
straint, and  that,  until  the  true  objects  of  investigation  were  understood, 
scarcely  any  advance  was  made.     Thus,  in  past  ages  all  the  phenomena  of 
the  movements  of  the  heavenly  bodies  were  attributed  to  the  operation 
of  some  vague  "  principle  of  motion,^'  the  laws  of  which  it  was  considered 
impracticable  to  attain.     In  like  manner,  the   simple  optical  fact — ^that 
when  the  sun's  light  passes  through  a  hole,  the  bright  image,  if  formed  at 
a  considerable  distance  from  it,  is  always  round,  instead  of  imitating  the 
figure  of  the  aperture, — ^was  attributed  by  Aristotle  to  the  "  circular  nature" 
of  the  sun's  Ught ;  whilst  the  simple  consideration,  that  the  rays  of  light 
travel  in  straight  lines,  would,  if  properly  apphed,  have  explained  this 
phenomenon,  not  only  in  regard  to  the  sun,  but  in  the  case  of  any  other 
round  luminous  body  placed  at  a  sufficient  distance.     To  refer  all  the 
operations  of  Life  which  cannot  be  explained  by  physical  laws,  to  a  '*  Vital 


PriDciple,"  is  in  reality  to  proceed  just  as  unphilnsophically,  as  the  ancients 
dill  in  the  cases  just  quoted  :  since  a  strict  eiamination  into  their  character 
will  show  that,  although  not  identiral  tuitk  physical  phenomena,  they  are 
anaiotfous  lit  them  ;  being  the  resnlts  of  the  operation  of  the  Vital  properties 
which  are  peculiar  to  organised  matter,  jnst  as  the  physical  changes  of 
inorganic  matter  result  from  the  operation  of  its  mere  physical  properties. 
The  characters  and  laws  of  these  Vital  properties  are  as  open  to  investiga- 
tion,  as  those  which  give  rise  to  the  phenomena  of  Gravity,  Electricity,  or 
Magnetism  ;  although  more  difficult  of  attjunment,  owing  to  the  intricacy 
of  the  combinations  in  which  the  results  arc  presented  to  our  observation 

a  4. 5). 

1/5.  Pew  terms  have  been  employed  in  a  greater  variety  of  significa- 
tions, or  more  frequently  without  any  definite  meaning  at  all,  than  the  word 
la/it.  The  older  philosophers  regarded  it  as  a  distinct  entity  or  substance 
redding  in  certain  forms  of  matter,  and  the  cause  both  of  their  organisation, 
and  of  tic  actions  exhibited  by  them.*  We  have  seen  that  the  tendency 
to  rest  satisfied  with  vague  hypotheses  of  this  kind,  operated  in  the  retar- 
ila^n  of  Physical  Science;  and  bad  it  not  been  lor  the  comparatiTe 
prominimoe  and  simplicity  of  its  phenomena,  it  is  not  improbable  that, 
even  at  the  present  day,  we  should  hear  employed  in  it  such  terms  as  the 
"  Vital  Prindple,"  "  Organic  Agent,"  or  any  other  equally  uu philosophical 
lefnge  of  those  physiolt^ists,  who  neglect  the  substance  to  grasp  at  the 
ihadow.  To  the  term  principle  no  very  definite  meaning  can  be  attached. 
It  has  been  remarked  that  "  this  word,  characteristic  of  a  less  advanced 
•late  of  science,  has  been  generally  employed  (as  the  Unal  letters  of  the 
alphabet  are  used  by  algebraists)  to  denote  an  unknown  element,  which, 
<4ken  thna  expressed,  a  more  conveniently  analysed."  Thus,  it  has  been 
tnatomary  to  speak  of  the  principle  of  gravity,  the  principle  of  electricity, 
a  otihe  principle  of  magnetism,  as  the  unknown  causes  of  certain  pheno- 
mena, that  are  as  yet  imperfectly  comprehended.  In  so  far,  however,  as 
the  Isws  of  these  phenomena  are  understood,  they  terminate  in  referring  all 
the  icaolta  to  simple  properties  of  matter,  from  which  they  may  be  deduced 
by  demonstrative  reasoning,  just  as  geometrical  theorems  from  the  postn- 
ItleB  ott  which  they  are  fomided.  Thus,  the  law  of  gravitation, — which  is 
only  on  expression  of  the  property  inherent  in  masses  of  matter,  of  attract- 
ii^  others,  and  of  being  attracted  by  them, — joined  with  those  of  motion, 
•fiirh  are  equally  simple,  explains  all  the  movements  of  the  heavenly 

•  E»ery  wet  hsd  iU  own  notion  of  llie  origin  and  nature  of  Ihu  entity  ;  >ome  regarding 
ituBkiml  of  fire;  othera  as  a  kind  of  air,  or  ether,  or  spirit ;  and  others,  again,  as  mere]; 
a  kind  of  ntei.  The  bble  of  Prometheiu  embodies  this  doctrine  in  a  mjthological 
iina,  tbe  a>tiM  being  described  as  ciTifjring  his  claj  statues  by  Fire  Molen  from  the 
elariat  at  the  Sun.  And  vhalever  was  the  idea  entertained  as  to  the  duuader  of  this 
■gem.  >ll  regarded  it  iu  unirenuUf  pervading  the  World,  and  as  actuating  all  its  ogiera- 
lioDa  ia  tht  capadly  of  a  Life  or  Sool ;  whilst  a  special  diiieion  of  it — dinina  paTHcila 
d  all  the  conceins  of  each  individual  organrsm. 


bodies,  in  whose  phenomena  we  may  witness  their  operation  uncontrolled 
by  any  other  agencies,  and  of  which  the  astronomer  is  thus  enahled  to 
predict  the  perturbations  as  well  as  the  regiJnr  motions.  And  it  is  pro- 
bable that  all  the  phenomena  of  electricity  and  magnetism  will,  ere  long, 
be  generahsed  to  the  same  titent,— that  is  to  say,  will  be  reduced  to  an 
expression  of  equal  bimphcity  and  that  a  still  higher  generalisation  will 
then  inclnJe  all  those  now  alluded  to.  It  has  heeu  ui  the  Science  of  Life 
that  the  term  prmciple  has  been  most  used,  and  most  abused.  It  must  be 
admitted  that  the  conditions  of  vital  phenomena  are  not  yet  determined 
with  sufficient  precision  to  enable  us  to  refer  all  observed  facts,  through 
the  medium  of  general  laws  to  simple  vital  properties ;  and  Uiere  might 
be  no  peculiar  objection  to  the  nse  of  the  term  "  Vital  principle,"  as  a  con- 
venient expression  for  the  sum  of  the  unknown  powers  which  are  developed 
by  the  action  of  these  properties.     But  care  must  he  taken  not  to  rest 


]  76,  Tlie  terms  Vital  Principle,  and  Life,  are  commonly  employed  almost 
synonymously,  to  imply  the  controlHng  agent  by  which  the  phenomena  of 
living  beings  are  directed,  if  not  immediately  produced.  Thus,  it  is  fre- 
quently said  that  the  action  of  Physical  and  Chemical  laws  is  modified  or 
entirely  checked  by  the  hving  principle.  Now  if  we  come  to  analyse  this 
expression,  we  shall  find  it  to  mean  one  of  two  things ; — either  that  the 
living  principle  is  a  distinct  intelligent  agent,  capable  of  harmonising  all 
the  actions  of  Physics  and  Chemistry,  and  of  rendering  them  subservient 
to  its  government,  employing  them  in  fact  as  subordinate  agents  to  esecul* 
its  mandates ; — or  that  the  actions  in  question  result  from  the  mixed 
operation  of  those  properties  which  organised  structures  possess  in  common 
with  inorganic  matter,  and  of  those  which  are  peculiar  to  the  former.  In 
the  first  sense  it  means  even/  thing,  for  to  the  Vital  Principle  all  meaner 
agents  must  then  acknowledge  their  subordination ;  in  the  latter  case,  it 
means  nothing  more  than  would  be  better  expressed  in  other  language,  free 
from  caiil  or  misapprehension. 

1 77.  The  doctrine  of  a  Vital  Principle  is  not  only  quite  unnecessary  to 
ejiplain  facts,  but  is  totally  unsupported  by  the  analogies  of  Nature,  and 
by  what  we  know  of  the  Divine  Government  in  general.  No  reflectin|; 
miud  has  any  doubt  that  this  earth  and  its  inhabitants  form  a  system,  of 
which  every  part  is  perfectly  adapted  to  the  rest,  {so  that  we  might  almost 
call  it  an  organised  one,  if  the  idea  of  a  particular  stnicture  were  not 
involved  in  the  term,)  and  of  which  all  the  actions  and  clianges,  however 
in  appearance  contrarj-,  have  one  common  tendency,  the  ultimate  happiness 
of  the  creatures  of  Infinite  Benevolence.  It  cannot  be  regarded  as  an  im- 
probability that  the  other  spheres  and  systems, — whose  countless  multi- 
tudes, revealed  by  the  aid  of  science,  impress  our  minds  with  the  nearest 
conception  of  infinity,  of  which  our  finite  comprehension  is  capable, — are 
peopled  with  beings,  if  not  similar  in  structure  with  ourselves,  at  least 
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equally  worthy  of  the  Creator's  care.  In  the  government  of  our  own 
met,  itself  but  a  point  in  the  vast  universe,  we  are  able  to  recognise,  to 
ft  small  extent,  the  laws  by  which  its  physical  changes  are  guided ;  and  we 
Q  faint  glimmerings  of  those  by  which  the  moral  condition  of  sentient 
lieings  is  controlled.  So  far  as  we  can  understand  the  mutual  adaptation 
f  these  laws,  wc  evcrj^here  see  them  working  to  the  same  end ;  and  we 
terlain  the  highest  anticipations  of  that  beauty  and  hannony  which  will 
e  revealed  to  us,  when  our  imperfect  glimmerings  of  knowledge  shall  be 
■  extended  and  corrected  by  the  light  of  Eternal  Truth,  Should  we  not 
consider  it  degrading  to  the  dignity  of  Infinite  Wisdom,  to  suppose  that, 
at  the  creation  of  each  world.  He  had  found  it  necessary  to  delegate  to  a 
subordinate  the  control  over  its  working, — instead  of  at  once  impressing 
upon  its  elements  those  simple  properties,  from  whose  mutual  actions, 
foreseen  and  provided  for  in  the  laws  according  to  which  they  operate, 
all  the  varieties  of  change  which  it  was  His  intention  to  produce,  should 
necessarily  result  ? 

178.  The  harmony  of  means  and  ends  is  shown  in  the  structure  of  the 
onivnse,  not  less  than  in  the  adaptation  of  the  parts  of  a  single  organised 
b^ng  to  one  another.  And  if  the  actions  of  the  former  cau  be  reduced  to 
simple  and  general  laws,  which  are  but  expressions  of  the  Divine  Will, 
there  is  nothing  absurd  or  uuphilosophical,  or  derogatory  to  the  dignity  of 
living  beings,  in  the  belief  that  those  of  the  latter  may  be  ultimately  placed 
on  the  same  footing-  For  if  we  come  to  enquire  into  the  function  of  any 
nngle  organ,  or,  in  other  words,  into  the  nature  of  the  changes  produced 
by  it,  we  find  that  it  may  be  referred  to  the  property  of  the  structure, 
minifested  or  called  into  action  by  a  ttimulut  of  some  kind,  to  which  it  is 
expressly  fitted  to  respond.  This  is  evidently  the  case  even  in  the  inorganic 
world.  The  process  of  evaporation,  for  example,  will  not  take  place  when 
fluid  ia  exposed  to  an  atmosphere  already  saturated  with  moisture ;  since 
one  of  the  conditions  of  the  action  ia  a  diy  air  capable  of  dissolving  watery 
T^mur,  or,  still  better,  a  vacuum  into  which  it  may  freely  rise.  In  the 
same  manner,  the  electrical  properties  of  matter  are  not  manifested  by  one 
mass  alone ;  to  exhibit  electric  or  magnetic  attractions  and  repubions,  two 
substances  are  necessary.  In  machines  constructed  to  take  advantage  of 
the  physical  properties  of  matter,  and  to  bring  them  into  useful  ojieration, 
8  itimulut  to  their  action  is  required,  in  some  means  which  shall  develope 
these  properties,  and  thus  create  powers.  Thus,  the  power  of  gravitation 
is  called  into  exercise,  when  the  clock-weight  is  wound  up ;  that  which 
results  tram  elasticity,  when  the  main-spring  of  a  watch  is  coiled  within 
the  barrel ;  that  of  the  expansibility  of  gases  generated  by  combustion, 
when  a  cannon-ball  is  propelled  by  the  ignition  of  gunpowder.  In  the 
Steam-engine  we  have  a  still  closer  parallel  with  the  mechanism  of  organ- 
ised structures,  suice  this  apparatus  consists  of  a  number  of  parts,  having 
liinctious  which  are  totally  distinct  in  themselves,  and  yet  all  tending  to 
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a  common  purpose.  In  the  construction  of  the  steam-engine  (at 
the  uanal  forms  of  it),  advantage  is  taken  of  two  of  the  properties  o 
and  means  are  provided  to  bring  these  into  operation  against 
yet  still  with  a  common  end.  Thus,  heat  is  applied  to  the  boiler  to 
generate  steam,  the  expansion  of  which  is  employed  as  one  motive  force  : 
whilst  cold  ia  applied  to  the  condenser,  to  produce  a  vacuum  by  the  con- 
densation of  that  steam,  against  which  vacuum  the  expansive  force  may  act 
with  greater  advantage  than  against  the  elastic  air.  Heat  aud  cold,  then, 
properly  applied,  may  be  regarded  as  the  two  stimuli  which  are  esseutinl 
to  excite  the  machine  to  action ;  and  without  these,  however  perfect  might 
be  its  structure,  however  beautiful  and  harmonious  the  adaptation  of  its 
parts,  it  would  for  ever  remain  motionless.  Now  we  will  imagine  a  student, 
entirely  ignorant  of  physical  philosophy,  witnessing  for  the  first  time  the 
movement  of  a  steam-engine,  aud  attempting  to  account  for  its  actions. 
He  observes  that  coa!  ia  supplied  to  the  furnace,  warm  water  to  the  boiler, 
and  cold  water  to  the  condensing  cistern.  What  should  we  think  of 
philosophic  tendency,  if  he  were  to  deem  it  a  sufficient  explanation  of 
actions  he  witnesses,  to  refer  them  all  to  a  steam-engine  principle  ? 
this  is  no  more  absurd,  than  that  which  Physiologists  have  been  accus- 
tomed to  do.  His  obvioiia  course  would  be  to  examine  the  action  of  the 
coal  upon  the  water,  and  the  properties  of  the  steam  thus  generated ;  ami 
then  to  enquire  how  far  the  different  parts  of  the  machine  are  adapted  to 
^e  effect  to  these  properties.  The  philosophic  Physiologist  follows  a 
similar  track ;  and  in  proportion  as  he  keeps  close  to  it,  is  his  success  b 
the  exjilanation  of  the  phenomena  of  Life, 

179.  It  must  not  he  imagined  for  a  moment,  however,  that  any  intention 
is  here  implied  of  identifying  the  structure  aud  actions  of  an  Organised 
being,  with  those  of  a  steam-engine  or  any  other  such  piece  of  human 
mechanism  The  latter  is  framed  to  take  advantage  of  the  properties  with 
which  the  Creator  has  endowed  nil  forms  of  matter,  inanimate  as  well  as 
animate  But  the  actions  of  a  living  being  incontestahly  show  that,  beside 
these  properties,  there  are  others  which  are  exclusively  confined  to  organiseJ 
tissues  ,  and  if  we  compare  these  with  the  general  structure  of  the  fabric, 
we  shall  find  that  its  mechanism  is  adapted  to  bring  them  into  the  most 
advantageous  relation  with  one  another.  Thus,  the  circulating  system  is 
a  piece  of  apparatus  which  acta  chiefly  upon  physical  principles, — the  fluid 
impelled  by  the  heart  moving  through  its  ramifying  canals,  just  as  wafer 
ejected  from  a  forcing  pump  might  traverse  elastic  tubes  of  similar  con- 
struction ;  and  its  object  is,  to  bring  the  alimentary  materials  which  have 
been  absorbed,  into  contact  with  the  tissues  whose  nutrition  they  are  to 
supply.  The  powers  wliich  move  the  blood  may  altogether  result  ftom 
vital  operations ;  yet  the  motion  itself  is  strictly  conformable  to  physical 
laws.  Physiologists  of  different  Schools  have  erred  in  opposite  extremes, 
with  regard  to  the  agency  of  these  laws,  or,  in  other  words,  of  the  physical 
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ipertiea  of  matter,  in  the  production  of  vital  phenomena ;  some  attri- 
all  the  actions  of  \mng  beings  to  the  immediate  operation  of  the 
properties  of  their  structure ;  others  maintaining  that  they  are  of  a 
physical  nature.  The  truth  appears,  with  regard  to  this,  in  common 
>  many  disputed  questions,  to  lie  in  the  mean  between  the  opposing 
;  and  it  will  be  the  object  of  much  of  the  present  work  to  show 
the  boundary  line  may  be  most  naturally  drawn. 
.  If  the  application  of  the  term  Li/e  to  some  imaginary  agent  which 
lediate  cause  of  rital  phenomena,  be  found  useless  or  injurious,  it 
ly  reasonably  he  enquired  what  is  to  be  understood  by  it.  If  we  regard 
livinff  being,  an  organised  structure  which  we  observe  growing  and 
moTing  and  resistii^  decay,  it  is  cTidently  no  improjier  use  of  the  term  to 
desi^iate  by  it  the  »um  of  all  the  actions  performed  by  such  a  being,  from 
its  first  production  to  its  final  dissolution.  Observation  of  these  actions 
leads  us  to  arrange  them,  as  has  been  already  stated  (§  7),  into  certain 
groups  termed  Functions ;  and  analysis  of  the  functional  changes  exhibited 
iy  living  beings,  terminates  in  referring  them  all  to  certain  properties  pos- 
leased  by  their  compouent  structures ;  which  properties  stand  in  the  same 
idation  to  organised  tissues,  as  do  those  of  gravitation,  electricity,  &c.. 
Id  matter  in  general.  Their  existence  must,  for  the  present  at  least,  be 
i^arded  as  ultimate  facts  in  physiolof^.  They  are  called  hito  action  by 
ttitnuli  of  various  kinds,  adapted  to  excite  each  of  ibem  to  its  own  jieculiar 
operatjons.  Now,  although  the  adaptation  of  the  various  fimctions  to  one 
another,  and  the  manifest  tendency  of  all  the  vital  processes  to  a  common 
end,  would  np]>ear,  at  first  sight,  to  favour  the  idea  of  a  ]>residing  power 
by  which  the  whole  is  regulated,  a  little  consideration  will  show  that  these 
really  imply  no  more  than  an  original  adaptation  of  the  structure  and  pro- 
perties of  the  organs  by  which  they  are  performed.  No  agent  can  be 
reqiured  to  adjust  and  regulate  the  actions  which  ensue  from  this  mutual 
adaptation;  since  they  are,  like  all  other  phenomena  in  the  universe,  under 
the  control  of  laws  inseparable  from  their  very  existence.  Every  tissue  has 
its  own  laws  of  development  (some  of  which  have  been  glanced  at  in  the 
Introduction,  iii— v);  but  all  these  laws  are  subservient  to  one  general 
principle, — that  every  organised  structure  is  produced  by  a  previously- 
existing  orgaiusm,  no  hving  being  ever  taking  its  origin  from  spontaneous 
combinations  of  inorganic  matter  (§  S89).  Our  encjuiry  leads  us  back, 
therefore,  to  the  first  creation  of  each  species ;  and  here  we  may  again 
revert  to  the  character  of  Physical  laws,  as  illustrating  the  more  obscure 
nature  of  those  of  VitaUty. 

181.  The  term  Law  of  Nature,  as  already  employed,  expresses  the 
tonditwiM  of  action  of  the  properties  of  matter.  The  Divine  Creator  of 
the  universe  "  has,  by  creating  his  materials,  endued  with  certain  fixed 
qualities  and  powers,  impressed  them  in  their  origin  with  the  spirit  not 
the  letter  of  his  law,  and  made  all  their  subsequent  combinations  and 


relations  inevitable  consequences  of  this  first  impression."*  In  othj 
words,  the  unchangeableness  of  His  nature  is  manifested  by  his  continne 
action  in  the  material  creation,  according  to  the  same  plan  by  which  He' 
at  first  adjusted  the  relations  of  its  parts.  Our  heUef  in  the  uniformity 
of  Nature,  which  leads  us  to  seek  for  a  common  cause  when  a  number  of 
similar  phenomena  are  presented  to  our  observation,  is  based,  not  only 
upon  experience,  hut  upon  the  conviction  which  every  beUever  in  the 
existence  of  the  Deity  feels  of  His  immutahihty.  If  it  were  otherwise, 
we  should  be  led  by  analogi)  only  to  infer  the  existence  of  law  and  order 
where  none  is  evident ;  hut  the  mind  which  is  once  satisfied  of  the 
existence  of  a  Creator,  possesses  a  moral  certaintj/,  that  to  Him  must 
belong  a  Consummate  Wisdom,  which  shall  contrive  the  attainment  of 
every  end  by  the  best  adapted  means, — an  Omnipotence,  which  shall  have 
all  these  means  at  fiill  command, — and  an  Omniscience,  which  shall 
foresee  in  every  action  not  only  its  immediate  but  its  remotest  conse- 
quences. To  imagine,  therefore,  that  the  plan  of  the  Universe,  once 
established  with  a  definite  end,  could  require  alteration  during  the  con- 
tinuance of  its  existence,  is  at  once  to  deny  the  perfecrion  of  the  Divine 
attributes ;  whilst,  on  the  other  hand,  to  suppose,  as  some  have  done, 
that  the  properties  first  impressed  upon  matter  would  of  them»elvet 
continue  its  actions,  is  to  deny  all  that  Revelation  teaches  us  regarding 
our  continued  dependence  on  the  Creator.  Let  it  be  home  in  mind, 
then,  that  when  a  law  of  Physics  or  of  Vitality  is  mentioned,  nothing 
more  is  really  imphed  than  a  simple  expression  of  the  mode  in  which  the 
Creator  is  constantly  operating  on  inorganic  matter,  or  on  organised 
structures. 

182.  That  there  was  a  period  antecedent  to  the  creation,  not  only  of 
the  animated  beings  which  at  present  people  this  globe,  or  whose  remains 
we  find  imbedded  in  its  depths,  but  also  of  the  whole  material  universe 
itself, — we  are  assured  alike  by  reason  and  revelation.  That  subsequently 
to  its  creation  it  has  remained  unchanged  by  any  other  powers,  than 
those  developed  within  itself,  by  the  agency  of  the  laws  to  which  it 
was  at  first  made  subject,  all  Physical  philosophy  tends  to  prove.-f  The 
motions  of  the  heavenly  bodies  have  not  varied  in  the  minutest  deg 
from  the  standard  to  which  they  conformed  at  the  earliest  periods  i 
observation  ;  and  did  we  know  all  the  causes  operating  in  the  product] 
of  terrestrial  phenomena,  wc  should  undoubtedly  he  able  to  predict  t 

•  HcTBchell'B  Preliminary  Discourec,  p.  37. 

i"  Miraculous  interpoBitioDB  for  the  purpose  of  efTectiug  upon  the  Mind  of  ISbb  sn^ : 
iuBuonee  oa  would  not  be  produced  b;  the  coQteoiplBition  of  the  unifarroit;  of  nature,  art 
of  course  excluded  from  the  present  enquii;.   If  these  are  exceptions  to  general  laws,  thef 
are  so  only  in  human  estimation  ;   since  they  are  as  much  a  part  of  the  Divine  Will,  and 
were  as  much  forCBeen  by  Divine  Oninisijence,  a»  any  of  those  nccurrencee  which 
usually  regiirdcd  as  constituting  Ihe  nrder  of  Nature. 
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imtions  with  the  same  certainty,  as  we  can  foretell  the  occurrences 
'bich  the  planetary  rerolations  will  eshihtt  to  us.  The  liiudainental 
formity  m  the  changes  which  the  Animated  world  presents,  is  no  less 
ing,  when  the  superficial  or  apparent  varieties  are  stri])pcd  off  (§  2,3); 
id  this  becomes  most  evident,  when  we  trace  back  each  indiiidual  race 
to  its  origin.  If  we  conceive  that,  at  that  period,  the  Parent  of  all 
impressed  upon  the  elements  of  which  each  created  being  was  composed, 
the  spirit  of  the  laws  which  should  in  future  govern  its  growth  and  repro- 
duction, (just  as  He  impressed  upon  the  bodies  composing  the  planetary 
system,  that  mode  of  action  whose  subsequent  continuance  has  given  us 
the  notion  of  the  laws  of  gravitation  and  of  motion,)  we  require  nothing 
but  the  continued  operation  of  those  laws,  or,  in  other  words,  the  continu' 
of  the  same  mode  of  action,  to  account  for  the  perpetuation  of  the 
suppose  that  the  adaptation  of  these  laws  to  each  other  and  to 
''&ose  of  the  external  world,  could  be  otherwise  than  perfect,  would  he  to 
cast  a  st^;ma  upon  Infinite  Wisdom.  What  they  are,  it  is  the  object  of 
the  physiologist  to  ascertain  by  observation  and  generalisation  of  the  phe- 
nomena resulting  from  them  ;  and  he  certainly  will  not  derive  any  assist- 
hy  setting  out  with  the  notion  of  a  secondai'y  presiding  existence, 
rer  refined  he  may  imagine  its  character  to  be. 
183.  The  properties  which  are  pecuhar  to  organised  tissues,  and  to 
thich  inanimate  matter  affords  no  analogy,  are  said  to  be  vital ,-  and  the 
of  such  properties  by  a  Uving  being,  or  by  a  single  organ,  is 
led  its  vitality.  Thus,  muscular  fibres  have  the  power  of  contracting 
when  stimulated  by  mechanical  or  chemical  agents  ;  and  those  composing 
certain  muscles  are  also  thrown  into  contraction  by  the  application  of 
sthnuh  to  the  nerves  which  supply  them,  or  by  the  propagation  of  a 
stimulus,  originating  in  the  will  of  the  being,  along  the  efferent  nervous 
trunks  from  the  brain.  In  the  first  case  we  have  the  vital  property,  the 
amtracfililij,  of  the  muscle  alone  concerned ;  in  the  second,  we  perceive  a 
respondence  on  the  part  of  the  muscle  to  nervous  influence,  and  a  capa- 
bihty  on  the  part  of  the  nervous  system  of  receiving  and  transmitting 
bnpressions,  both  physical  and  mental.  In  neither  instance  can  we 
discover  any  such  mechanism  in  the  structures  by  which  these  properties 
ore  eshibited,  as  would  enable  us  to  attribute  the  effects  to  any  peculiar 
iiperation  of  the  physical  properties  of  matter  ;  and  we  are  therefore  led  to 
regard  them  as  of  a  character  entirely  new,  more  especially  since  they  are 
widently  dependent  upon  the  integrity  of  the  structure  by  which  they  are 
manifested,  and  cease  to  esist,  if  its  due  relations  with  the  oi^anism  in 
general  are  seriously  disturbed.  It  is  a  question  which  has  been  vehe- 
mently discussed,  hut  which  is  after  all  more  one  of  words  than  of  realities, 
whether  vital  properties  are  the  result  of  organisation,  or  of  that  peculiar 
romhination  and  arrangement,  in  which  the  elementary  particles  of  living 
beings  are  disposed, — or  whether  they  ore  to  be  regarded  as  superadded  to 


it.    This  can  only  be  fairly  discussed  after  the  mesDing  of  the  term  prope 
has  been  Sxed. 

184.  A  little  consideration  will  show  that,  whilst  man  d< 
knowledge  of  the  external  world  from  the  impressions  made  by  matter 
under  its  various  forms  upon  Lis  oi^ans  of  sense,  he  can  form  no  conce|}- 
tioQ  of  matter  as  any  thing  distinct  from  the  properties  which  thus  affect 
him.  The  notion  of  hardness,  for  example,  ia  only  derived  from  the 
resistance  offered  to  his  touch  ;  that  of  colour,  from  the  impression  made 
by  luminous  rays  upon  his  retina.  Some  of  the  properties  of  matter  arc 
thus  immediately  cognisable  by  man,  because  they  at  once  produce  changes 
in  his  organs  of  sense,  which  excite  a  corresponding  affection  of  his  senso- 
rium.  But  there  are  others  from  the  knowledge  of  which  man  is  debarred, 
until  the  materia!  object  is  brought  into  circumstances  adapted  to  develope 
them.  Thus,  if  but  one  mass  of  matter  existed  in  the  universe,  it  nugkt 
be  endowed  with  all  the  properties  which  we  are  accustomed  to  regard  «s 
essential  to  matter  ;  and,  yet,  from  the  property  of  gmvitation  never  being 
brought  into  action  with  another  body,  the  mind  might  remain  ignorant 
of  it.  In  the  same  manner,  a  body  might  be  in  a  certain  mngnctical  cou- 
dition  ;  yet,  from  the  want  of  others  with  which  to  exhibit  attractions  ur 
repulsions,  the  property  might  remain  undiscovered.  But  it  is  not  difficnlt 
to  imagine  that  a  being  might  be  fonned  capable  of  discovering  these 
properties  by  his  senses  alone,  just  as  man  recognises  colours,  tastes,  Sic. ; 
and  might,  at  the  same  time,  be  unable,  without  some  intermediate  agencj-. 
to  take  cognisance  of  those,  of  which  the  human  senses  at  once  infono 
the  mind  of  man ;  or,  again,  might  be  susceptible  of  impressions  quiic 
different  from  any  of  which  we  can  form  an  idea.  It  will,  then,  scarcely 
be  denied  that  the  term  "property  of  matter"  simply  denotes  its  capability 
of  producing  an  effect  upon  the  percipient  mind,  by  its  action  on  the  sen- 
sory organs,  either  immediately,  or  through  the  medium  of  some  other ; 
and  that  it  cannot  imply  any  agency  distinct  or  separate  from  matter.  It 
ii  further  evident,  that  no  judgment  can  be  formed  of  the  presence  or 
absence  of  any  property,  unless  the  body,  which  is  the  subject  of  investi- 
gation, be  placed  in  all  the  conditions  requisite  to  test  its  existence.  Thus, 
supposing  a  new  metal  to  be  discovered,  we  should  have  no  groimd  for 
decision  as  to  its  magnetic  properties,  until  it  had  been  brought  into  every 
conceivable  relation  with  magnetised  substances. 

185.  It  cannot,  then,  be  logically  correct,  to  speak  of  vital  properties 
as  auperaddeii  to  organised  matter,  although  an  apparent  analogy  has 
been  drawn  from  physical  science  in  support  of  the  assumption.  It  is 
commonly  said  that  a  living  body,  in  assimilating  and  organising  the 
nutrient  matter  by  which  the  changes  necessary  to  its  existence  are  main- 
tained, superadds,  or  communicates  to  it  by  a  separate  act,  those  vital 
properties  of  which  it  was  itself  previously  possessed  ;  and  there  is  iin 
more  difficulty,  it  has  been  argued,  in  conceiving  how  vital  properties  niny 
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:  communicated  to  organiged  matter,  than  in  understanding  hov  magnetic 
ijierties  may  be  superinduced  upon  iron.  But  the  analogy  is  baaed  upon 
«•  false  conception  of  the  latter  process,  which  is  really  cunlbrmahie  in  cha- 
■TScler  to  those  by  wliich  gravitation  or  any  other  properties  of  matter  are 
bronght  into  action.  Fur  the  so-called  communication  of  magnetic  proper- 
to  iron,  is  nothmg  more  thau  the  production  of  a  change  in  the  condi- 
.  of  the  metal,  by  which  the  electric  properties,  which  previously  existed 
that  as  in  every  form  of  matter,  are  manifested  in  a  way  peculiar  to 
itself,  and  caused  to  give  rise  to  magnetic  {wwers.  If  on  analogy  c\ibt 
between  the  two  processes  (which  can  scarcely  be  denied),  it  leads  us  to 
the  belief  that,  just  as  the  magnetic  powers  arc  developed  in  iron,  wheu 
the  metaUic  mass  is  placed  in  a  condition  to  manifest  them,  so  the  very 
act  of  organisation  developes  vital  powers  in  the  tissues  which  it  cou- 
stmcts.  For  no  one  can  assert,  that  there  does  not  exist  in  every  uncom- 
bined  particle  of  matter,  which  is  capable  of  being  assimilated,  the  ability 
to  esbibit  vital  actions,  when  placed  in  the  requisite  conditions  ;  in  other 
words,  when  made  a  part  of  a  living  system  by  the  process  of  organisation. 
It  is  only  the  complexity  of  the  conditions  reqiured  to  manifest  it,  which 
[irevents  our  recognising  this  capability  as  a  common  property  of  matter, 
or,  at  least,  of  those  forms  of  it,  which  we  know  by  experience  to  enter  into 
ihe  composition  of  organised  Btructures. 

IS6.  If,  then,  we  speak  of  the  capability  of  exhibiting  pecidiar  actions, 
neither  physical  nor  chemical  in  their  nature,  as  a  vita!  property,  and  we 
are  asked  by  what  means  organised  bodies  have  become  possessed  of  such 
properties,  the  answer  is  sufficiently  simple.  The  act  of  organisation  places 
the  molecules  upon  which  it  operates  in  new  conditions  ;  and  thus  enables 
them  to  tnaniiest  properties  which  were  previously  dormant.  In  any  other 
ease,  it  woidd  be  deemed  sufficient  thus  to  look  to  the  coustitution  of  the 
Ribstance,  and  the  circumstances  in  which  it  is  placed ;  but,  in  the  present 
matance,  physiologists  have  thought  proper  to  suppose  that  the  properties 
are  communicated  ajier  the  substance  has  been  organised,  as  if  properties 
were  eatitiea  susceptible  of  addition  or  subtraction.  This  mistake  may  be 
partly  attributed  to  a  confusion  of  ideas  between  properties  and  causes. 
Vilaiity  is  not  a  cause  of  vital  action,  but  the  character  of  the  being  which 
exhibits  such  action  ;  the  cause  must  be  sought  for,  in  the  events  which 
have  preceded  the  coustitution  of  the  body  itself,  A  substance  cannot  be 
radowed  with  new  properties,  without  undergoing  some  change  in  its  own 
condition,  of  which  altered  state  these  properties  are  the  necessary  attend- 
ants. To  maintain,  as  some  have  done,  that  life  cannot  be  the  result  of 
Di^anisation,  because  the  existence  of  the  latter  implies  a  previous  action 
ofthe  former,  would  be  like  arguing  (with  some  old  scholastics)  that  the 
bird  cannot  proceed  from  the  egg,  because  the  egg  proceeds  from  the  bird. 
It  is  true  that  we  only  know  organisation  as  the  result  of  vital  action  \  hut 
It  is  no  less  true,  that  we  know  nothing  of  vi\»\  action  as  separated  from 
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organised  struchire.  The  first  Life  was  exhibited  hy  the  firgt  Orgnnisni, 
nhich  came  from  the  hands  of  its  Creator,  endowed  with  properties  that 
enabled  it.  Dot  only  to  maintain  its  individual  existence,  Lut  to  call  into 
Life  a  race  of  beings  similar  to  itself.  There  is,  then,  no  necessity  for  a 
supposition  otherwise  so  iinphilosophical,  as  that  the  Creator  first  gave 
existence  to  a  Vita!  Principle,  or  Organic  Agent,  and  then  set  it  to 
-  oi^anise  the  hody ;  since  we  liave  so  much  more  reason  to  heheve  that 
every  Organised  structure  is,  qaa  organised.  Vital,  or  cajiahle  of  exhibiting 
Life  when  the  appropriate  stimuli  are  applied,  so  long  as  it  retains  the  con- 
stitution which  causes  it  to  possess  these  properties.* 

IB7-  Experience  and  observation  lead  to  conclusions  not  dissimilar. 
Organisation  and  vital  properties  arc  simultaneously  communicated  to  the 
genn  by  the  structures  of  its  parent ;  those  vital  properties  confer  upon  it 
the  means  of  itself  assimilating,  and  thereby  organising  and  endowing 
with  vitality,  the  materials  supplied  hy  the  inorganic  world.  As  long  as 
each  tissue  retains  its  normal  constitution,  renovated  by  the  actions  of 
absorption  and  deposition  hy  which  that  constitution  is  preserved,  and 
surroimded  by  those  concurrent  conditions  which  a  living  syslem  alone 
can  afford,  so  long,  have  we  every  reason  to  believe,  it  will  retain  its 
vital  properties,  and  no  longer.  And  just  as  we  have  no  evidence  of  the 
existence  of  vital  properties  in  any  other  form  of  matter  than  that  de- 
nominated organised,  so  have  we  no  reason  to  beherc  that  organised 
matter  can  retain  its  regular  constitution,  and  be  subjected  to  its  appro- 
priate stimuh,  without  exhibiting  vital  actions.  The  advance  of  patho- 
logical science  renders  it  every  day  more  probable,  that  derangement  in 
function  always  results,  either  from  some  structural  alteration  (although 
this  may  be  of  a  kind  imperceptible  to  our  senses),  or  from  some  change 
in  the  eliaracter  of  tlie  stimuh  by  which  the  properties  of  the  organ  are 
called  into  action.  There  is  no  difficulty,  therefore,  in  accounting  on 
this  view,  for  the  death  of  the  whole  system  from  the  cessation  of  one 
function  ;  since  any  perturbation  in  the  train  of  vital  actions  will  not 
merely  disturb  the  regularity  of  all,  but,  if  sufficiently  serious,  will  check 
those  nntrient  processes,  on  the  uninterrupted  continuance  of  which  the 
vital  properties  of  the  several  parts  depend  jf  the  degree  of  that  depend- 

•  The  fDregning  paragraph  has  been  partly  derived  from  the  able  Review  of  the  fiW 
Edition  of  this  work,  in  the  Brit,  and  For.  Med.  Rev.  vol.  vn.  p.  173. 

+  Thui,  in  Syncope,  the  cireulfllion  ia  i»imedia(rij  suspended  by  causra  which  primarilj 
check  the  heart's  action  ;  and  if,  as  Bometimea  happens,  the  Bame  cause  extend  JtBclf  to 
the  cspiUanes  {as  in  the  stroke  of  lightning,  or  other  sudden  or  violent  ioipreaaion  on  tb« 
nervous  centres),  death  is  almost  immediate.  Whilst  in  Aar>!iyxia,  where  the  oeratiDU 
of  the  blood  in  the  Inngg  is  prevented,  and  a  etagnation  tokee  place  in  the  pulmonary 
citpillaries,  the  cireolation  agtadnaUy  enfeebled,  the  flinctiona  of  the  nervous  system  an 
suspended  for  want  of  their  proper  stimnlns,  and  the  movemenla  of  the  heart  diminished, 
the  right  side  being  paralysed  from  over^dietention,  the  left  fiom  want  of  excitement.  If,  * 
in  this  state,  the  obatmctJOQ  to  the  circulation  be  removed,  the  whole  system  may  speedily 


being  proportional  to  their  respective  tendencies  to   spontaneous 
imposition  if  not  thus  renovated.      Still,  the  vital  properties  of  in- 

idual  parts  may  be  retained  for  a  considerable  period  after  general  or 
tomatie  death  (§  IS8)  has  taken  place;  and  vital  actione  -mAy  be  per- 
fimned  in  them,  so  long  as  the  conditions  which  those  oi^ns  require  in 
the  living  body  are  supplied.  Thus,  the  oi^anic  functions  of  a  decapi* 
tated  animal  may  go  on  for  a  considerable  time,  if  the  respiratory  move-  ' 
iiients  be  artificially  contiimed ;  its  circulation,  generation  of  heat,  and 
the  various  changes  of  nutritiou  and  secretion  may  be  maintained  ;*  and 
all  this  ajler  the  being  has  been  reduced,  as  it  were,  to  the  condition  of  a 
Plant,  by  the  abolition  of  those  powers  which  characterise  its  existence  as 
an  Animal.  That  the  respiratorj-  movements,  which  are  ordinarily  executed 
by  the  nervous  system,  must  in  such  a  case  he  artificially  maintained,  is 
evident ;  as  in  this  way  only  can  the  conditions  be  aff^ordt-d,  which  are 
necessary  to  the  continued  aeration  of  the  blood  (§  25'!). 

188.  The  term  death,  therefore,  has  more  than  one  signification.  It 
may  be  used  to  denote  the  separation  of  that  bond  of  union,  which  so 
peculiarly  unites  all  the  functions  of  the  living  system  ;  rendering  each  so 
dependent  on  the  other,  that  the  cessation  of  one  involves  that  of  all  the 
rest.  Or,  when  applied  to  individual  parts,  it  may  signify  the  loss  of 
their  peculiar  vital  properties,  either  from  some  change  in  their  organisa- 
tion, or  &om  the  (.-essatioa  of  those  actions  by  which  their  structure  is 
maintained  in  its  due  perfection  ;  and  their  consequent  subjection  to  tlie 
laws  of  matter  in  general.  Tlie  first  change  may  be  ttnatii  sytiemic,  or 
more  properly  somatic  death  ;  the  second  molecular  death.  The  tatter  is 
not  always  the  immediate  consequence  of  the  former,  but  must  sooner  or 
later  result  from  it.  And,  on  the  other  hand,  the  latter  may  affect 
indiridual  parts,  and  not  occasion  destruction  of  the  organism  in  general. 
The  dependence  of  the  integrity  of  the  system  upon  the  actions  of  any 
particular  part,  is  modified  in  two  ways :  first,  by  the  importance  of  its 
fimction  to  the  vital  economy  ;  secondly,  by  the  restriction  of  the  function 
to  that  organ,  or  its  diffusion  through  the  whole  structure.  Thus,  in 
man  the  power  of  seeing  or  of  hearing  is  not  essential  to  the  continuance 
of  life,  since  the  social  relations  of  the  individual  prevent  his  suffering 
from  the  deficiency  of  food,  which  would  be  the  necessary  consequence  of 
the  abolition  of  these  functions  in  many  of  the  lower  onimals,  to  which 
such  faculties  are  essential.     And,  on  the  other  hand,  any  obstruction  to 

recover  ;   but  if  it  continue,  every  organ  speedily  lones  its  chscacterialic  properties,  and 
ileath  t&kes  place. 

•  "  Some  years  Binca,"  BftjB  Mr.  T.  Bell,  "I  wna  liiaaecting  tary  carefully  and  minutely 

the  poiaoD  apfaratus  oS  a  large  Rattlemake,  whioh  liad  been  dead  for  eoDie  houra  ;  the 

head  had  been  taken  ofT  immediately  alter  death  ;  yet,  as  I  continued  my  disaectiun,  the 

'    yellow  poison  contJnHud  lo  be  Heorctcd  so  fast  as  to  require  being  occasionally  dried  off." 

History  of  Britiab  Reptika,  (i.  fi  1 . 
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the  action  of  tbe  lungs  is  speedily  fatal  in  man,  because  these  organs  almost 
exclusively  minister  to  the  aeration  of  the  blood,  a  change  which  is  constantly 
required  for  the  maintenance  of  its  purity ;  whilst  in  frogs,  life  may  be 
continued  for  a  considerable  period  after  the  lungs  have  been  removed 
from  the  body,  because  respiration  is  not  restricted  to  them,  but  is 
performed  by  the  skin  with  almost  the  same  activity.  This  esplanation, 
then,  at  once  affords  the  key  to  the  fact,  that  the  lower  animals  are 
almost  impassive  under  injuries,  which  would  be  fatal  to  those  higher  in 
the  scale.  Their  organs  arc  frequently  but  repetitions  of  one  another ;  or, 
at  any  rate,  their  functions  are  not  restricted  to  particular  portions,  iu 
anything  like  the  same  degree  as  iii  the  latter ;  so  that  destruction  or 
removal  of  one  part  does  not  imply  the  cessation  of  its  fimction,  which 
may  be  continued,  more  or  less  perfectly,  by  some  other.  But  if  it  were 
possible  to  abohsh  the  function  completely,  without  injuring  other  parts, 
death  would  then  ensue  as  certaiiJy  as  in  the  higher  animals.  Thus,  if  tlii' 
lungs  be  removed  from  a  frog,  and  its  skin  be  covered  with  varnish,  it  will 
be  speedily  asphyxiated. 

189.  That  molecular  death,  or  the  loss  of  vital  properties,  is  in 
general  speedily  followed  by  the  separation  and  dissolution  of  tlii' 
elements  of  the  structure,  common  observation  teaches.  Reason  has, 
however,  been  already  given  {§  19)  for  the  belief,  that  the  affinities,  whicli 
hold  together  the  elementary  particles  of  organised  structures,  are  uol 
different  from  those  concerned  in  the  inorganic  world  ;  and  it  has  been 
shown,  that  the  tendency  to  decomposition  after  death  bears  a  ver}' 
close  relation  with  the  activity  of  the  changes  wliich  take  place  in  the 
part  during  life.  If  this  be  true,  it  is  obvious  that  the  decomposi^n 
which  follows  death,  and  which  is  its  most  unequivocal  sign,  does  not 
result  from  the  loss  of  any  particular  bond,  which  united  the  elements 
during  life,  but  merely  from  that  change  in  the  conditions  of  the  substance, 
which  proceeds  from  the  cessation  of  the  vital  actions  going  on  within  it. 
That  there  are  cases  in  which  a  very  feeble  degree  of  vital  action  is 
sufficient  to  preserve  the  properties  of  a  structure,  will  be  presently 
shown  ;  hut  when  these  altogether  cease,  the  organism  must  be  secluded 
from  all  the  external  influences  which  could  injuriously  affect  it,  in 
order  that  its  vitality  may  be  preserved.  And  this  seclusion,  if  carefnlly 
practised,  is  as  elfectual  upon  dead  matter  as  upon  living ;  for  it  is  now 
well  ascertained,  that  no  perceptible  change  will  ensue  in  substances,  which 
would  ordinarily  mn  into  rapid  decay,  if  they  are  rigidly  kept  from  the 
contact  of  air,  and  at  a  moderate  temperature. 

190.  But  the  mere  cessation,  whether  apparent  or  real,  of  vital  artioni 
does  not  constitute  death.  Their  suspension  may  result  from  the  want  of 
the  stimuli,  which  are  necessary  to  evcite  the  dormant  properties  to  eser 
else.  Thus,  Seeds  may  presene  thtir  vitality  lor  periods  ot  mdefinili 
length,    if  not   exposed  to  those   agents  which   wilt   stimulate  tlicm  lo 


E    NATIIUf;    AND    CAUSKS    OF    VITAl.    ACTIONS.  15? 

mination ;  and  the  persistence  of  their  properties  ma"  be  demonstrated 
ir  exhibiting  the  usual  ehangca,  when  the  requisite  stimuh  arc  at  last 
nipplied.  It  is  scarcely  correct  in  such  a  case  to  say  that  the  seed  is  alive, 
X  life  (in  the  sense  in  which  the  most  philosophical  modern  physiolo- 
9  employ  it)  ia  synonymous  with  rifal  action  ;  but  it  is  possessed  of 
Tital  properties  or  of  eitalify,  so  long  as  no  destructive  changes  take  place 
in  its  organisation.  One  of  the  most  interesting  cases  of  this  kind  on 
record  is  related  by  Dr.  Lindley.*  "  I  have  now  before  me,"  he  says, 
"  three  plants  of  Itaspberries,  which  have  been  raised  in  the  gardens  of 
the  Horticultural  Society,  from  seeds  taken  from  the  stomach  of  a  man, 
whose  skeleton  was  found  30  feet  below  the  surface  of  the  earth,  at  the 
bottom  of  a  barrow  which  was  opened  near  Dorchester.  lie  had  been 
buried  with  some  coins  of  the  Emperor  Hadrian,  and  it  is  probable,  there- 
fore, that  the  seeds  were  sixteen  or  seventeen  hundred  years  old."  In- 
stances are  of  very  freqnent  occurrence,  in  which  ground  that  has  been 
turned  up  spontaneously,  produces  plants  dissimilar  to  any  in  their  neigh- 
bourhood. There  is  no  doubt  that,  in  some  of  these,  the  seed  is  conveyed 
by  the  wind,  and  becomes  developed  in  particnlar  spots  which  afford  con- 
genial soil;  and  this  fact  has  a  very  interesting  hearing  upon  the  question 
of  the  production  of  animalcules  in  iutusions  of  decaying  organic  matter. 
Thus,  it  is  commonly  obsen'ed  that  clover  ia  ready  to  spring  up  on  soUs, 
which  have  been  rendered  alkaline  by  the  strewing  of  wood-ashes,  or  by  the 
burning  of  weeds ;  and  it  is  stated  by  Professor  Graham  that,  after  any 
lull-pasture  in  Scotland  has  beeu  laid  dry  and  limed,  and  the  surface 
broken,  white  clover  always  makes  its  appearance.  Dut  there  are  many 
authentic  facts,  which  can  only  be  explained  upon  the  supposition,  that  the 
Keds  of  the  newly-apjiearing  plants  have  Jaiu  for  a  long  period  imbedded 
m  the  soil,  at  such  a  distance  from  the  surface  as  to  prevent  the  access  of 
I'.jur  and  moisture ;  and  that,  retaining  their  vitality  under  these  circum- 
I,  they  have  been  excited  to  germination  when  at  Inst  exposed  to  the 
requisite  conditions -f 

•  Introduction  to  Botany,  p.  2S8. 

+  Several  cases  of  this  kind  aie  reli!.tc?d  by  Dr.  Pticliard  (ReBearches  on  the  Phjacal 
History  of  Mankind,  vol.  1.,  p.  39,  4e.)  on  the  nnthority  of  Proffeasor  Grnliam  ;  nmongBt 
lliEm  is  the  following; — "To  the  weatwnrd  of  Stirling  thore  ia  o  large  peat-bog,  agceat 
pan  of  whiclihas  beca  flooded  avay  by  raising  water  from  the  livei  Tcith,  and  diicharg- 
iogitlnto  tbe  Fortb,  the  under-soil  of  clay  being  then  cultivnted.  The  clergyman  of 
the  parish  standing  by  nhite  the  workmen  wete  forming  a  diteh  in  this  clay,  wbiDb  bad 
been  covered  with  14  feet  of  peBt.earth,  saw  some  seeds  in  the  clay  which  wsb  thrown 
out  of  the  ditch  :  he  took  some  of  tham  up  and  sawed  them  ;  thej  germinated  and  pro- 
duced n  crop  of  Chrysanthemum  septum.  What  a  period  of  years  must  have  elapsed 
nhile  the  seeds  were  getting  their  covering  of  clay,  aad  while  this  clay  became  buried 
mder  U  feet  of  peat-earth!"  For  IhafollowingnotleBeintereeting  case,  hitherto  unpub- 
lished, the  author  is  indebted  to  his  valued  friend,  the  Inte  Dr,  TuckennaQ,  of  Boston, 
N.E.  "AboutSSor  SO  yearsago,  Judge  Thacher,  then  one  ofthcjudgesof  the  Supreme 
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191.  That  many  Animals  are  capable  of  being  reduced  to  a  state  of 
similar  inactivity,  and  of  being  again  excited  to  action,  cannot  be  doubted. 
Thus,  Insects  haTe  revived  on  exposure  to  the  sun,  after  having  been  im- 
mersed m  spirits  for  many  months ;  and  Reptiles,  Fishes,  and  Caterpillars 
after  being  frozen,  Heame,  in  his  voyage  to  the  ley  Sen,  mentions  his 
having  found  frozen  Frogs,  that  eshihited  no  signs  of  life  when  their  legs 
were  broken,  although  they  resumed  their  natural  movements  when  ex- 
posed to  a  genial  heat.  The  following  experiment  upon  Caterpillars  was 
tried  in  Sir  John  Ross's  voyage.  Thirty  larvie  of  the  Moth  named  Laria 
Rossii  were  put  in  a  box,  and  exposed  to  the  winter  temperature  for  three 
months ;  on  bringing  them  into  the  cabin,  every  one  of  them  returned  to 
life  and  walked  about.  They  were  again  exposed  to  an  atmosphere  of  40" 
below  zero,  and  instantly  became  reftozen ;  after  a  week  tbey  were  brought 
again  into  the  cabin,  and  twenty-three  returned  to  life.  These  were  again 
exposed  and  refrozen ;  and,  after  being  soHd  for  another  week,  eleven  of 
them  recovered  on  being  brought  into  the  cabin.  A  fourth  time  thej 
were  frozen,  and  only  two  revived.  Of  these  two,  one  produced  a  moth. 
We  shall  presently  find  that  want  of  moisture  has  often  the  same  effect 
with  cold  in  producing  torpidity.     {See  also  §  126.) 

192.  In  all  those  Animals  which  possess  a  complicated  nervous  system, 
a  portion  of  it  is  occasionally  in  a  passive  state,  that  of  profound  af-eep  ; 
and  the  part  of  it  which  remains  active,  is  only  that  concerned  in  the  main- 
tenance of  the  organic  fimctions.  Sleep,  therefore,  is  to  the  active  state 
of  the  Animal  system,  that  which  the  torpor  of  the  seed  is  to  its  organic 
hfe  ;  in  both  cases  there  is  a  suspension  of  activity,  but  a  retention  of  ihf 
vita!  properties,  which  ensures  the  capability  of  its  renewal.  The  state  of 
hybernation,   to  which  many  animals  are  subject,  partly  resembles  the 

Court  of  MaaaBchuBetts,  told  mo  that  he  knew  the  fact,  that  in 
river,  in  the  elate  of  Maino,  and  about  40  miles  from  the  see 
ainkiug  a  well,  atruok,  at  the  depth  of  about  20  feet,  a  atratui 
eicited  eurioaity  and  interest,  from  the  cireumatance  that  no  si 
anywhere  in  the  neighbourhood,  and  Chat  none  like  it  was  nearer  than  the  seB-heacb.  Ai 
it  WM  drawn  up  from  the  well,  it  was  placed  in  a  pile  by  itself ;  on  imwillingneM  hafii^ 
been  felt  to  mix  it  with  the  stones  and  gravel  which  were  a3ao  drawn  up.  But  when  the 
work  wBi  about  to  be  finished,  and  the  pile  of  atones  and  gravel  W  be  removed,  it  wu 
found  necessary  to  remove  alao  the  sand-heap.  This,  therefore,  was  iicattered  about  Ifie 
spot  on  which  it  had  been  formed,  and  was  for  eome  time  acarceiy  remembered.  In  n 
year  or  two,  however,  it  was  perceived  that  a  large  number  of  amnll  trees  had  sprung  up 
from  the  ground  over  which  the  heap  of  sand  bad  been  strewn.  These  trees  became,  in 
their  turn,  objects  of  strong  interest,  and  core  was  taken  that  no  injurj  should  nmc 
to  them.  At  length  it  wag  ascertained  tbat  they  were  Beach-Plumb  trees ;  and  liief 
actually  bore  the  Beach-Plumb,  which  bad  never  before  been  seen  eicapl  immedialel/ 
upon  the  aea  ahore.  These  trees  had,  therefore,  sprung  up  from  seeds  which  if  ere  in  the 
stratum  of  sea-sand  that  had  been  pierced  by  the  well-diggers.  By  what  eonvuluon  ol' 
the  elements  they  had  been  thrown  there,  or  how  long  they  had  iiuietly  slept  beneath  the 
surface  of  the  earth,  must  be  detennined  by  those  who  know  very  much  more  than  I  Ao." 


e  well-diggera,  when 
<iind,  which  strongly 


159 

r  of  the  seed  ;  still  there  is  never  in  them  a  total  suspension  of  yital 
I,  bnt  only  a  great  diminution.  It  is  curious  to  observe  among  the 
mmslia,  the  gradations  which  are  eshibtted  in  the  different  modes  of 
g  the  winter,  from  the  Lagomys,  which  lays  up  during  the  autmnn 
)ly  of  food,  and  spends  the  season  in  a  state  of  sleep,  from  which  it 
k  frequently  roused  by  the  calls  of  hunger,— to  the  Marmot,  which  is  com- 
y  inactive  during  the  whole  period,  taking  no  food,  and  exhibiting 
rely  any  evidence  of  life,  unless  aroused.  In  the  latter  case,  the 
■Wganic  (unctions  are  performed  with  little  activity,  but  they  are  not 
entirely  checked ;  sUght  respiratory  movements  are  perceptible  at  distant 
intervals,  and  the  circulation  is  feebly  carried  on  ;  *  nor  do  the  nutritive 
■nd  escretory  functions  seem  altogether  inactive,  since  the  fat  which  had 
previously  accumulated  is  in  general  partiaDy  absorbed.  The  disuse  of  the 
locomotive  powers  obviously  renders  mineeessary  those  changes  which  are 
essential  to  the  maintenance  of  their  active  condition ;  and  the  organic 
functions,  therefore,  need  do  no  more  than  presene  the  integrity  of  their 
structures.  In  Reptiles  the  torpidity  is  even  more  profound ;  and  it  may 
be  artificially  prolonged  to  an  almost  indefinite  extent.  SpallauKani  kept 
frogs,  salamanders,  and  snakes  in  an  ice-house  for  three  years  and  a  half; 
sod  they  readily  revived  when  exposed  to  the  influence  of  a  warm  atmosphere. 
1 93.  After  many  laborious  enquiries  into  the  conformation  and  habits  of 
hyhemating  animals,  physiologists  have  in  general  come  to  the  conclusion, 
that  they  exhibit  no  peculiarities  which  can  account  for  their  difference. 
It  seems,  too,  that  although  the  tendency  to  this  state  is  modified  by  tem- 
perature, it  is  not  altogether  dependent  upon  that  condition  ;  and  that  it  is 
not  solely  occasioned  by  coW,  is  evident  from  the  fact  that  some  ammnls  be- 
come torpid  during  the  hot  season  in  tropical  climates.  This  is  perhaps 
due,  however,  as  much  to  the  want  of  moisture  as  to  high  temperature. 
The  common  Snail,  if  put  into  a  bos  without  food,  constructs  a  thin  oper- 
cohiin,  and  attaches  itseJf  to  the  side  of  the  bos.  It  may  remain  dormant 
in  this  manner  for  several  years,  and  is  not  affected  by  any  ordinary  change 
of  temperature  ;  but  it  will  speedily  revive  if  plunged  in  water.  Even  in 
their  natural  haimts,  the  terrestrial  Mollusca  are  often  foimd  in  this  state 
during  the  summer  season,  when  there  is  a  continued  drought ;  but  with 
the  first  shower  they  revive  and  move  about.  In  like  manner  it  is  ob- 
served that  the  rainy  season,  between  the  tropics,  brings  forth  the  hosts 
of  insects  which  the  drought  had  caused  to  remain  inactive  in  their  hiding 
places.  The  Naturalist  is  thus  forcibly  reminded  of  the  revival  of  Mosses 
Hid  Liverworts  imder  the  influence  of  moisture,  even  though  the  weather 

•  In  Ibe  Hamster,  the  pulee  iiauallj  beats  at  the  rale  of  ISO  per  minute;  but  it  is  re- 
duced to  t5  in  the  toq>id  condition.  Marmots,  in  a.  state  of  health  and  activity,  perToim 
about  500  reapirationa  m  an  hour  ;  but  m  the  torpid  slate,  these  occur  oaly  about  14 
timea  during  llie  same  period,  ond  ore  executed  with  intervals  of  four  or  five  minutes  of 
abMlnte  tixt,  and  without  any  considerable  eahuKCQu^nt  of  the  chest. 


be  bleak  and  chillj.  Animals  thus  rendered  torpid  seem  to  have  a  ten- 
dency to  bury  themselves  in  the  ground,  like  those  which  are  driven  tn 
winter  quarters  by  cold.  Mr.  Darwin  mentions  that  he  observed  with 
some  surprise  at  Rio  de  Janeiro,  that,  a  few  days  after  some  little  depres- 
sions had  been  changed  into  pools  of  water  by  the  rain,  they  were  peopled 
by  numerous  ftill-grown  shells  and  beetles.  Humboldt  has  related  the 
strange  accident,  of  a  hovel  having  been  built  over  a  spot,  where  a  young 
Crocodile  lay  buried  in  the  hardened  mud.  He  also  mentions  that  the 
Indians  often  find  enormous  Boas  in  the  same  lethargie  state,  and  that  these 
revive  when  uritated  or  wetted  with  water. 

1 94.  The  tendency  to  occasional  torpidity,  that  is,  to  a  diminution  or  ces- 
sation of  vital  activity,  appears,  then,  to  be  more  independent  of  extenul 
conditions,  in  proportion  as  we  ascend  the  scale  ;  and  this  correspmnds  with 
what  will  be  hereafter  stated  {§  208)  regarding  the  general  influence  of 
Vital  Stimuli,  In  the  higher  Animals,  it  has,  Uke  sleep,  a  distinctly 
periodical  characttT ;  and  just  as  sleep  maybe  induced  or  delayed  by  the 
influence  of  external  circumstances,  hybernation  may  be  also.  Among  tlic 
higher  tribes  of  Vegetables,  too,  we  find  that  a  large  proportion  in  cold 
climates  pass  into  a  state  of  hybernation  ;  their  leaves  dropping  ofF,  and 
their  vital  functions  becoming  almost  entirely  inactive.  They  may,  how- 
ever, be  again  roused  by  increased  temperature  (§  333)  ;  hut  even  where 
a  plant  with  deciduous  leaves  is  kept  during  the  autumn  in  a  hot^house,  its 
leaves  drop  off  at  the  usual  time,  although  it  may  speedily  put  forth  a  new 
crop.  That  this  unnatural  condition,  however,  exhausts  the  energy  of  the 
plant,  is  well  known  ;  mid  it  becomes  particularly  evident,  when  a  species 
adapted  to  the  temperate  zone  is  transplanted  to  a  tropical  climate.  In 
evergreens,  which  maintain  a  feeble  activity  during  the  winter,  the  pro- 
cesses of  growth  are  never  so  energetic  as  in  other  plants ;  there  is  in  moal 
of  them  no  definite  period  for  the  shedding  of  the  leaves,  which  fall  off  and 
are  replaced  gradually.  Among  the  Phanerogamia  there  are  some  which, 
after  being  reduced  to  a  state  of  torpidity  by  desiccation,  are  capable  of 
renewing  their  vital  activity  when  moistened.  Thus  the  Rose  of  Jericho 
(Aiimtatica),  when  dried  up  by  the  burning  snu  and  parching  air,  contracts 
into  a  ball ;  and,  being  detached  by  the  wind  from  the  spot  where  its 
slender  roots  had  fixed  it,  is  rolled  over  the  plains  to  indefinite  distances. 
But,  when  exposed  to  moisture,  its  leaves  unfold,  and  it  opens  its  rose-like 
flowers,  as  if  roused  from  sleep.  We  have  seen  that  many  of  the  lower 
Animals  may  be  reduced  to  torpidity  at  pleasure,  by  withholding  their  due 
supplies  of  warmth  and  moisture  ;  and  the  same  is  true  of  many  Cijpto- 
gamic  plants.  The  Lycopodium  of  Peru  contracts  itself,  when  desiccated, 
into  a  ball  hke  that  of  the  Anastatica ;  and,  hke  it,  is  blown  about  by  the 
wind,  until  it  meets  with  a  spot  from  which  it  can  imbibe  the  nutriment  il 
requires,  when  it  enters  upon  a  renewedstate  of  activity.  The  Mosses  and 
Liverworts  arc  particularly  remarkable  in  this  respect,  as  formerly  uoticeit 
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5  87 — 9).  The  e^  of  some  Animals  will  bear  desiccation,  which  would 
Kjalal  to  the  being  produced  from  them.  Thus,  the  eggs  of  the  Slug, 
a  dried  by  the  rays  of  the  sun  or  by  artificial  heat,  shrivel  up  to  minute 
(Mnts  only  distinguish  able  by  the  microscope  ;  yet  if  they  he  moistened 
y  a,  shower  of  rain,  or  put  into  water,  they  are  restored  to  their  former 
^nmpness  and  do  not  lose  their  fertility.  It  has  been  found  that,  after 
eing  eight  times  treated  in  this  manner,  the  e^s  were  hatched  when  placed 
ii  favourable  circumstances  ;  and  even  eggs  in  which  the  embryo  was  dis- 
thictly  formed,  survived  such  treatment  without  damage. 

195.  The  preservation  of  vitahty  by  seeds  and  other  organised  bodies, 
in  which  there  is  a  complete  suspension  of  vital  action,  depends  upon  their 
not  being  submitted  to  any  of  the  agents  which  would  call  them  into  acti- 
vity, or  which  would  tend  to  disintegrate  their  structure.  The  very  stimuU 
which  would  operate  in  exciting  the  vital  properties,  as  long  as  the  organ- 
ism retains  them,  have  the  effect  of  tacditating  its  decay  when  death  has 
I  taken  place.  Thus,  a  moderately  elevated  temperature,  moisture,  and  the 
J  access  of  oxygen,  are  the  conditions  requisite  for  germination ;  and  all  these 
equally  favour  the  decomposition  of  the  organised  srdjstance  of  the  seed, 
if  its  vital  properties  have  been  destroyed.  We  shall  hereafter  see  reason 
to  believe  tliat  the  changes  which  immediately  result  from  their  action  are 
of  a  strictly  chemical  nature,  in  the  former  case  as  well  as  in  the  latter 
(5  -403);  but  these  changes  become  subservient  to  the  operations  of  vitality, 
while  this  rem^s  unimpaired.  The  vitality  of  a  seed  will  be  destroyed 
by  any  thing  which  produces  a  change  in  its  structure  or  composition,  how- 
ever inappreciable  the  effect  may  seem.  Thus,  immersion  in  water  at  the 
temperature  of  1 60°  will  kill  the  greater  proportion  of  seeds  j  and  nothing 
but  a  very  minute  examination  would  discover  any  structural  alteration  in 
their  tissues.  Collateral  experiments,  however,  prove  that  this  is  just  the 
temperature,  at  which  the  vesicles  of/em/a  (starch)  are  ruptured  (§  402) 
■0  that  this  physical  change,  produced  by  a  physical  agent,  which  the 
vitality  of  the  structure  is  unable  to  resist,  is  evidently  the  cause  of  the 
destruction  of  its  peculiar  properties.  In  the  same  manner,  it  can  scarcely 
be  doubted  that,  when  the  vitality  of  an  egg  is  destroyed  by  an  electric 
shock,  or  by  moderate  exposure  to  heat,  the  agent  produces,  in  obedience 
to  chemical  laws,  some  alteration  in  the  material  structure,  which  is  incon- 
ristent  with  the  continued  existence  of  its  dormant  life. 

li)6.  Of  the  actions  performed  by  Uving  beings,  many  evidently  possess 
t  simply  physical  character.  The  properties  of  the  organs  by  which  they 
are  performed,  are  common  to  them  with  many  kinds  of  inorganic  matter ; 
and  they  are  exhibited  by  dead  as  well  as  by  hving  organised  substances, 
as  long  as  no  obvious  change  takes  place  in  their  composition.  Hence  we 
Tnay  separate  tliem,  with  some  degree  of  precision,  from  those  which  are 
ritaJ  and  cea-se  with  life  ;  when  those  tissues,  at  least,  are  made  the  snb- 
yn  of  investigation,  which  are  not  prone  to  rapid  decomposition.      Thus, 
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no  one  will  deny  that  the  elaaticify  of  an  organised  tissne  depends,  like  lu 
of  steel  or  glass,  upon  a  particular  state  or  arrangement  of  its  partidl 
and  that,  if  this  necessary  condition  (of  (vliich  the  physical  philosopher 
as  profoundly  ignorant  as  the  physiologist)  he  hut  partly  fulfilled  or 
entirely  wanting,  that  property  is  only  slightly  displayed  or  is  totally 
absent.  In  the  living  body  the  elasticity  and  contractility  of  the  tissues 
re(|uire,  for  their  maintenance,  a  definite  relation  between  the  solid  fibres 
and  the  fluids  in  their  interstices, — a  condition  which  is  maintained  by  the 
circulating  and  absorbent  apparatus.  If  the  fluids  he  scanty,  the  tissue  is 
dry  and  stiff;  if  they  be  superabundant,  it  becomes  OTcr-disteuded,  I 
loses  its  elasticity,  like  an  over-strained  bow. 

197.  The  same  observations  will  apply  to  another  property  of  certi 
organised  tissues, — that  of  permitting  the  passage  of  fluids  tlirough  them, 
under  particular  conditions  (§  297,  8).  This  property  is  manifestly 
dependent,  like  elasticity,  upon  the  ultimate  arrangejneut  of  their  parti- 
cles, since  inorganic  matter  may  become  the  instrument  of  producing  tj 
same  phenomena,  when  the  requisite  conditions  for  the  performance  J 
Endo*mo»e  are  supplied.  It  is  commonly  stated  that  the  tubeer^tM  a 
physical  laws  by  those  of  Vitality  is  proved  by  this  fact  amongst  others,— 
that  tissues  and  membranes  which  completely  retain  fluids  duriug  life,  or 
only  permit  certain  portions  of  them  to  transude,  give  free  passage  to  them 
after  death.  But  if  the  enquiry  were  pushed  a  little  further,  it  woidd  pro- 
bably appear  that  the  pecuhar  property  of  the  membrane  duriug  lifV 
depends  upon  an  arrangement  of  its  molecules  which  can  only  he  mojii- 
taincd  by  the  activity  of  the  nutrient  functions ;  and  that  it  is  the  cessation 
of  these,  and  the  consequent  alteration  In  the  structure  of  the  memhrane, 
which  determines  the  change  in  its  properties  (§  39.).  These  are  instances, 
among  many  which  might  he  cited,  of  the  partidpation  of  physical  agenU 
in  the  phenomena  of  Life  ;  but  it  is  still  to  he  remembered  that  the  phy- 
sical properties  themselves  are  dependent,  both  for  their  existence,  and  for 
their  excitement  to  action,  upon  those  vital  processes,  which  no  mechanical 
contrivances  or  chemical  operations  can  produce  or  imitate, — a  beautiiiil 
series  of  actions  and  reactions,  which  cannot  but  excite  our  admiration  of 
the  skill  of  the  Supreme  Contriver. 

198.  The  changes  which  have  been  just  adverted  to,  appear  chiefly  con- 
cerned in  maintaining  the  relation  between  the  organised  system  and  the 
external  world.  Thus,  it  will  be  hereafl;er  shown  that  the  Absorption  of 
nutritions  fluid  is  probably  due  to  the  physical  power  of  Eiidosmose 
(§  289)  ;  and  the  interchange  of  gaseous  ingredients  between  the  air  sad 
the  blood  in  the  act  of  Respiration,  to  the  transmitting  power  wliich  all 
membranes  possess  (5  ■138).  But  the  continuance  of  these,  and  of  many 
more  wliich  might  be  named,  is  peculiarly  dependent  on  the  continuance  of 
other  vital  actions,  and  can  only  be  eficcted  in  dead  matter  by  processes 
which  imitate  these.      For  example,  the  Absorption  of  fluid  by  the  roots 


K    NATURE    AND    CAUSES    OF    VITAL    AtTlllNS,  163 

if  a  plant  ceases,  as  soon  as  the  demand  for  fluid  in  the  sl«ni  is  suspended 
y  the  death  of  the  leaves  or  the  iutemiption  of  thdr  functions  ;  hut  it 
Bay  be  f  e-excited  by  the  appropiiate  meaus,  so  long  as  the  delicate  tissue 
|f  the  Spongioles  (§  292)  retains  its  integrity.  On  the  other  hand,  a  con- 
uied  absorption  may  be  produced  by  a  physical  contriTance  which  imitates 
the  efikcts  of  vital  action  ;  as  in  the  wick  of  a  lamp,  whicli  draws  up  oil  to 
supply  the  combustion  above,  but  will  cease  to  do  so  when  tlie  demand  no 
longer  exists.  In  the  same  manner,  the  constant  aeration  of  the  blood  is 
dependent  upon  the  continuance  of  the  passage  of  the  fluid  over  the  respi- 
ratory membrane  ;  but  it  may  take  place  to  a  limited  e:(tent  al^r  death, 
as  where  the  livid  colour  of  the  skin  in  Asphyxia  gives  place  to  a  rosy  hue, 
I   by  the  arterialisation  of  the  blood  in  its  capillaries. 

■      199.    There  is  another  set  of  changes  in  which  vital  actions  would 
nieem  yet  more  intimately  concerned,  but  which  still  appear  to  be  imme- 
I  iKateltf  dependent  upon  the  same  laws,  as  those  which  regulate  inorganic 
matter.     These  consbt  in  the  production,  from  the  alimentary  materials, 
oSorgiade  compoundt  i  either  such  as  gum,  sugar,  albumen,  gelatine,  &c. 
^riiich  are  destined  to  be  stiU  further  organised  :  or  such  as  urea,  choles- 
tne.  Sec.  which  are  to  be  thrown  off  from  the  system.      This  process 
nst  not  be  confounded  with  that  of  organaalion,   since  it  only  preparet 
i  materiab  upon  which  that  is  lo  operate.     It  wUl  be  hereafter  shown, 
t  the  nutritious  elements  contained  in  the  food  do  not  serve  for  the 
support  of  the  structure,  until  they  have  been  united  into  new  combina- 
tions (sometimes,  probably,  having  been  first  decomposed  for  that  pur- 
pose) ;   and  there  appears  good  reason  to  believe,  that  these  preparatory 
changes  are  of  a  strictly  chemical  nature,  since  many  of  them  are  imitable 
in  the  laboratory  of  the  philosopher.     There  may  be  recognised  in  them, 
^bore  or  less  distinctly,  the  action  of  physical  laws  operating  under  those 
^BECuliar  conditions,  which  the  hving  organism  alone  can  perfectly  supply ; 
^Bid  in  so  far  as  the  skill  of  the  chemist  can  imitate  those  conditions,  he 
may  hope  to  produce   similar  combinations,   as  to  a  small   extent  has 
already  been  effected.      But  no  one  can  ever  hope  to  effect  the  organ- 
isation of  such  products,  or  their  conversion  into  living  structures  ;    since 
this  is  unquestionably  an  action  of  a  strictly  vital  character,  and,  as  far  as 
we  at  present  know,  is  dependent  on  the  previous  existence  of  some  other 
organising  body. 

200.  Beasons  have  been  already  given  for  the  belief,  that  the  affinities 
wlucb  bold  together  the  elements  of  organised  tissues,  are  the  same  as 
diose  which  prevail  in  the  inorganic  world.  It  is  still  a  fair  subject  of 
ranpiiiy,  however,  what  difference  exists  in  the  character  of  the  processes 
of  Organic  Chemistry,  which  produces  such  evident  modification  in  the 
The  chief  ground  for  the  assumption  of  a  distinct  set  of  vital 
t  {as  they  have  been  termed)  appears  to  be  that,  whilst  man  has 
t  power  of  effecting  or  controlling  those  changes  which  are  -pTodiiceiXi^ 
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physical  laws  (so  far  as  the  materials  eoncenied  iu  them  are  within 
reach),  and  can  therefore  imitate  to  a  great  extent  the  immense  Tariety 
combinations  which  the  mineral  kingdom  affords,  he  is  at  present  unabte 
to  effect  or  control  the  action  of  similar  materials,  so  as  to  produce  any  of 
the  class  of  organic  compounds  or  proximate  principles.  Every  fresh  dis- 
covery, however,  tends  to  shorn  that  the  powers  immediately  concerned,  are, 
like  the  elements  on  which  they  act,  the  same  iu  all  cases ;  the  difference 
in  the  effects  produced  heing  due,  not  to  any  alteration  in  the  physical 
properties  of  the  constituents,  but  solely  to  the  manner  in  which  they  are 
brought  to  bear  upon  one  another.  We  cannot  yet  succeed  in  producing 
artificially  any  organic  compound,  even  of  the  simplest  kind,  by  directly 
combining  its  elements,  because  we  cannot  bring  them  tf^ether  in  tbeir 
requisite  states  and  proportions ;  bnt  there  is  no  reasonable  ground  for 
doubt  that,  if  the  elements  could  be  so  brought  together  by  the  hand  of 
man,  the  result  would  be  the  same  as  the  natural  compound.  For  the 
agency  of  vitality,  as  Dr.  Prout  justly  remarks,  "  does  not  change  the 
perties  of  the  elements,  but  simply  combines  them  in  modei  which 
cannot  imitate."  Tliose  who  are  acquainted  with  the  influence  of 
perature,  electricity,  light,  the  form  of  the  body  operated  on,  and  the  state 
in  which  it  is  presented  for  combination,- — on  chemical  actions  in  general, 
must  he  well  aware  how  greatly  the  effects  are  modified  by  shght  differences 
in  any  one  of  these  conditions ;  and  it  scarcely  seems  too  much  to  assume 
that,  ignorant  as  we  are  of  their  influence  in  the  living  organism,  the 
acknowle^ed  differences  in  the  results  may  he  dependent  upon  tbeir 
operation, — other  conditions  also,  v»hose  nature  is  yet  unsuspected,  having 
perhaps  a  share  in  their  effects. 

20 1 .  The  view  which  is  here  advocated — that  the  conversion  of  alimen- 
tary materials  into  oi^anisablc  products,  adapted  for  the  immediate  nutri- 
tion of  the  hving  tissues,  is  caused  by  the  operation  of  physical  laws  acting 
under  those  pecuhar  conditions  which  a  hving  organism  alone  can  supply- 
derives  considerable  support  from  the  fact,  of  which  several  examples  will 
be  hereafter  given  (chap,  viii.),  that  some  of  these  products  arc  con- 
vertible into  others  by  agents  of  a  purely  chemical  nature.  It  is  also  borne 
out  by  the  fact  that  the  operations  of  Vital  Chemistry  are  attended,  like 
the  changes  in  the  composition  of  inorganic  substances,  with  a  disturbance 
of  electrical  equihbrimn  (5  S72) ;  and  that  some  of  the  less  complei  of 
these  operations  are  effectually  stimulated  by  the  artificial  appUcation 
of  electricity  (§  225).  As  the  late  respjLrches  of  Dr.  Faraday  have  fully 
proved  the  identity  of  electrical  attraction  with  chemical  affini^,  the  in- 
stances just  mentioned  go  far  to  justify  the  inference  that  there  is  no 
distinct  set  of  forces,  to  which  the  tenn  Vital  Affinities  can  be  fairly  given. 
It  is  a  rule  in  aU  philosophical  speculations  not  to  frame  any  hypotheses 
which  are  unnecessary  to  account  for  phenomena.  Those  who  have  attended 
to  the  progress  of  Chemical  Science  during  the  last  few  years,  can  scarcely 
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beaitate  in  the  belief,  that  we  as  yet  know  little  of  the  laws  nhich  goTcrii 
'the  changes  in  the  constitution  of  bodies,  compared  with  what  future  dis- 
coveries will  reveal  lo  us.  Many  phenomena  of  inotgnnic  chemistry,  which 
iw  he  readily  explained,  would  have  been  regarded,  within  a  very 
period,  as  quite  incomprehensible.  Would  it  have  been  thought 
possible,  for  example,  by  a  chemist  thirty  years  ago,  that  the  same  sub- 
fitance  should  act  the  part  of  an  acid  in  one  case,  and  of  a  base  in  another  ? 
■ — that  water  should  be  possessed  of  such  properties  ? — or,  still  more,  that 
.tmtriatic  acid  should  act  as  the  &aae  or  electro-positive  ingredient  in  com- 
bination with  the  chloride  of  platinum  7  These  facts  would  have  appeared 
to  a  chemist,  at  the  commencement  of  the  present  century,  totally  incon- 
sistent with  what  he  knew  of  chemical  action ;  hut  they  are  now  readily 
comprehended,  as  results  of  laws  which,  being  higher  and  more  general 
than  those  previously  known,  include  facts  that  at  first  sight  appeared 
Inconsistent  with  them.  Unless,  therefore,  a  diatiiict  set  of  laws  could  be 
established,  regulating  vital  affinities — which  has  not  been  occomphshed  or 
attempted — we  are  scarcely  justified  in  assuming  that  these  laws  may 
not  be  accordant  with  those  which  we  recognise  elsewhere. 

202.  There  are  still,  however,  many  phenomena  of  Inorganic  Chemistry 
which  are  as  little  understood  as  the  operations  of  oi^anic  combination. 
one  class  of  these,  attention  has  recently  been  directed  by  Berzehus.* 
the  usual  operations  of  chemical  affinity,  where  decomposition  is  efiieeted 
'by  the  interposition  of  a  new  agent.  A,  it  is  by  the  superior  attraction  of 
'that  agent  for  one  of  the  elements,  B  and  C,  of  the  former  combinadon. 
hns,  when  sulphuric  or  any  other  mmeral  acid.  A,  is  poured  upon  car- 
mate  of  hme,  the  carbonic  acid,  B,  which  was  previously  in  combination, 
liberated  by  the  superior  affinity  of  the  new  acid  for  its  base,  C  ;  and  the 
decomposing  agent  here  enters  into  the  new  combination,  A  +  C.     But,  in 
the  class  of  actions  to  which  Berzehus  has  given  the  name  of  catalytic, 
t  change  is  produced  by  one  body.  A,  upon  the  composition  of  another, 
B  +  C,  independently  of  any  alteration  or  new  combination  of  the  first. 
ma,  the  peroxide  of  hydrogen,  which  is  readily  decomposed  by  any  suh- 
'Mance  having  an  affinity  for  oxygen,  is  also  decomposed  by  some  which 
Uiemaelves  undergo  no  change,  such  as  the  metals  and  the  fibrin  of  blao<l ; 
these  produce  in  it  a  state  analogous  to  fermentation,  oxygen  escaping,  and 
water  being  left.     Again,  not  only  decompositions,  but  new  combinations, 
be  effected  in  this  manner.     Thus,  most  metals  at  high  temperatures, 
platinum  in  a  state  of  minute  division  at  low  temperatures,  produce  the 
n  of  oxygen  and  hydrogen  in  an  explosive  mixture.     The  action  of 
acid  on  alcohol  in  producing  ether,  without  itself  undergoing 
ige,  apjiears  referrible  to  the  same  class ;  as  well  as  the  conversion  of 
or  starch  into  sugar  by  the  same  ngent  {§  403).     We  may  consider  it 
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proved,  then,  that  many  substances  possess  the  power  of  exerdsing  upon 
compomid  bodies  an  iafluence  essentially  distinct  from  what  is  known  as 
chemical  affinity ; — an  influence  which  consists  in  the  production  of  a  dis- 
placement and  new  arrangement  of  their  elements,  without  themselves 
directly  participating  in  it.  Assuredly  such  a  power,  which  is  capable  of 
effecting  chemical  reactions  in  inorganic  substances  as  well  as  in  ox^pnised 
bodies,  though  still  too  little  known  to  be  accurately  esplained,  must  play 
a  far  more  important  part  throughout  nature  than  we  have  hitherto  been 
led  to  suppose.  "  In  defining  it  a  new  power,"  says  Berzehus,  with  philo- 
sophic caution,  "  I  am  far  from  wishing  to  deny  that  some  connection  exists 
between  its  influences,  and  the  electro-chemical  ones  with  which  we  are 
familiar.  On  the  contrary,  I  am  very  much  disposed  to  recognise  it  as 
a  peculiar  manifestation  of  these  same  influences." 

203.  To  whatever  extent  we  may  carry  our  views  on  this  subject,  there 
still  remtuns  a  most  extensive  class  of  actions  in  the  living  organism,  which 
must  be  regarded  as  essentially  vital.  These  are  not  only  confined  to,  but 
can  onfy  occur  in,  living  organised  structures ;  since  they  require  properties 
for  their  performance,  which  are  not  to  be  met  with  in  other  substances ; 
while  the  actions  formerly  considered  demand  only  the  play  of  the  general 
properties  of  matter,  under  peculiar  limiting  conditions,  which  it  may  not 
be  beyond  the  reach  of  art  to  imitate.  In  this  class  are  comprehended  the 
processes,  by  which  the  peculiar  compounds,  supphed  by  the  operations  of 
rital  chemistry,  are  converted  into  organised  tissues,  and  are  caused  to  ex- 
hibit properties,  that  must  be  regarded  as  entirely  distinct  from  any  which  are 
presented  by  inorganic  matter.  Nor  is  organisation  confined  to  the  soUds 
alone,  for  traces  of  it  may  be  detected  in  the  fluids  by  which  they  are 
nourished ;  and  these  also  exhibit  properties,  which  can  scarcely  be  regarded, 
as  otherwise  than  vital  (ch*p.  viii).  What  these  properties  are,  wBl 
a  subject  for  future  investigation.  The  most  universal  of  them 
which  is  concerned  in  assimUating,  organising,  and  thereby  developi 
rital  properties  in  nutritious  matter,  which  each  tissue  converts 
structure  like  its  own.  To  this  property,  the  blood  in  animals,  and  the 
elaborated  sap  in  vegetables,  constitute,  in  the  Uving  state  of  these  fluids, 
the  appropriate  stimulus  ;  but  the  same  materials,  not  themselves  endowed 
with  vital  properties,  would  be  totally  inert.  Every  tissue  possesses  vital 
properties  peculiarly  its  own,  besides  that  which  has  been  spoken  of  as 
common  to  all ;  and  each  property  of  each  organ  has  stimuli  appropriate 
itself.  Those  which  have  a  general  action  on  the  oi^amsm  at  lai^  wSD 
next  pointed  out,  and  their  operation  displayed. 
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204.  It  has  been  shown  in  the  last  Chapter,  that  all  the  actions  mani- 
fested by  Uving  beings  are  dependent  upon  two  conditions ; — an  organised 
structure  possessed  of  certain  properties  which  are  termed  vital,  as  being 
distinct  from  the  physical  properties  of  inorganic  matter; — ^and  certain 
agents  whose  presence  is  necessary  to  call  these  properties  into  operation, 
and  thus  to  produce  the  manifestations  of  Life.  We  have  seen  that  the 
knowledge  of  the  Laws  of  Life,  is  simply  that  of  its  conditions  expressed 
in  their  general  and  most  comprehensive  form ;  and  it  is  obvious  that  all 
our  acquaintance  with  the  vital  properties  of  the  difiPerent  tissues,  must  be 
derived  from  the  extensive  observation  and  accurate  comparison  of  the 
actions  they  perform,  when  these  dormant  powers  are  called  into  play  by 
their  appropriate  causes  of  excitement.  Thus,  a  muscle  is  said  to  possess 
the  property  of  contractility,  because  it  exhibits  evident  contractions  when 
acted  upon  by  certain  stimuli ;  and  certain  parts  of  the  nervous  system  are 
said  to  be  endowed  with  sensibility,  because  sensations  are  felt  when  im- 
pressions are  made  on  them. 

205.  The  study  of  the  external  conditions  under  which  alone  Life  can 
be  maintained,  and  of  the  influence  of  variations  of  these  conditions  upon 
its  different  actions,  is,  therefore,  as  essential  a  branch  of  the  Science  of 
Physiol<^,  as  the  investigation  of  the  structure  and  properties  of  the 
organism  itself.  But  in  tracing  the  connection  of  the  difiPerent  functions, 
it  will  be  observed  that  these  external  agents  are  not  the  only  vital  stimuli, 
nor  are  they  always  the  immediate  sources  of  the  excitement  of  the -proper- 
ties of  the  organism.  For,  in  the  higher  classes  of  Hving  beings  at  least, 
their  influence  is  principally  directed  towards  the  preparation  of  a  nutrient 
fluid,  which  contains  the  elements  of  all  the  solid  tissues  of  the  body,  and 
the  continued  contact  of  which  is  necessary,  not  only  to  supply  them  with 
the  materials  of  their  growth  and  renovation,  but  to  stimulate  them  to  the 
performance  of  their  respective  actions.  The  original  elaboration  of  this 
fluid,  therefore,  and  the  maintenance  of  it  in  its  necessary  purity,  is  the 
principal  immediate  efifect  of  the  external  stimuli  supplied  by  alimentary 
materials,  heat,  light,  electricity,  &c. ;  but  the  continued  action  of  these  is 
still  required  for  the  continuance  of  the  vital  operations  to  which  it  is  sub- 
servient. In  like  manner,  the  elaboration  of  the  nervous  tissue  out  of  the 
elements  supplied  by  the  blood  in  animals,  gives  rise  to  a  new  internal 
stimulus  of  a  strictly  vital  character, — that  by  which  the  irritability  of 
muscular  fibre  is  excited,  and  those  contractions  thereby  produced,  which 


are  not  only  casential  to  the  exercise  of  the  locomotive  apparatus  peculiw 
to  this  kingdom,  but  are  aJso  occaaiouaHj  required  for  the  maintenance  of 
the  oi^anic  functions  {§  37). 

206.  We  may  then  observe  that,  the  more  dissimilar  the  actions  to  be 
performed  are  to  those  of  the  inorganic  world,  the  more  peculiar  is  the 
character  of  the  stimufi  adapted  to  excite  them.  The  ordinary  physical 
agents.  Light,  Heat,  &c.,  serve  as  external  stimuli ;  and  their  immediate 
action  is  upon  the  simplest  of  the  organic  processes.  The  nutrient  fluid 
which  they  assist  in  preparing  may  be  regarded  as  the  chief  internal  sti- 
mulus to  the  vegetatiiie  actions  of  the  system  ;  hut  these  cannot  be  carried 
on  without  the  continued  mfluence  of  external  agents.  The  fmictions  of 
the  nervous  and  muscular  systems  hear  even  less  resemblance  than  these, 
to  the  operations  of  Physics  and  Chemistry.  They  may  be  excited  to 
action,  either  by  impressions  made  by  external  objects  upon  the  organs  of 
sensation,  which,  propagated  to  the  central  senaorium,  render  the  mind 
cognisant  of  tlie  presence  and  character  of  tliosc  objects ;  or  they  may 
originate  in  the  mind  itself,  which  uses  the  nervous  system  as  its  instru- 
ment to  excite  muscular  movement.  We  have  here,  therefore,  two  new 
kinds  of  stimuli,  one  external,  the  other  internal,  having  relation  only  to 
the  functions  of  animal  life ;  and  tinder  that  head  they  will  be  considered. 
They  must  be  regarded  as  vital  srimuli,  however,  not  only  as  giving  rise  ta 
vital  actions,  but  because  these  actions  conduce,  though  sometimes  remotely, 
to  the  maintenance  of  hfe.  The  mode  in  which  they  produce  their  etTecla 
is  so  analogous  to  that  iu  which  the  stimuli  to  organic  life  operate,  that 
from  their  evident  (because  only  occasional)  action,  a  good  illustration  may 
he  drawn  of  the  more  constant  (and  therefore  less  observed)  influence  of 
the  latter.  Thus,  a  pinch  of  snuff  applied  to  the  membrane  lining  the 
nostrils,  immediately  excites  an  increase  in  its  secretions,  adapted  to  defend 
it  from  the  injurious  contact ;  but  it  also  excites  impressions  in  the  sensorv 
nerves,  which,  conveyed  to  the  central  organs,  may  produce  other  changes, 
that  terminate  in  the  violent  muscular  action  of  sneezmg.  We  shall  here- 
after see  that  the  motion  of  the  blood  through  the  lungs  is  just  as  dependent 
upon  its  exposure  to  the  influence  of  the  air  in  the  cells  of  those  organs, 
as  the  action  of  sneezing  is  upon  the  stimulant  applied  to  the  nostril.  Il  is 
interesting  to  remark  that,  just  as  the  concurrence  of  external  agents  is 
necessary  to  the  stimulant  action  of  the  blood,  so  is  the  action  of  the  blood 
upon  the  nervous  and  muscular  systems  essential  to  the  maintenance  of 
those  pecidiar  properties,  wliich  enable  them  to  respond  to  their  appropriate 
stimuli.  If  the  circulation  be  suspended,  the  nen-es  no  longer  receive  or  i 
transmit  impressions,  and  the  muscles  soon  lose  their  contractility.  And  \ 
if  venous  blood  be  transmitted  to  these  organs  instead  of  arterial,  thai 
functions  are  immediately  impaired. 

207.  The  action  of  some  of  the  Vital  Stimuli  vrill  be  most  advantagcouslt 
considered  in  connection  with  the  functions  to  which  they  mosi  directly 


uniater ;  that  of  food,  for  instance,  under  the  head  of  Absorption ;  *  and 
air  nnder  the  head  of  Respiration.  Some  general  riews  on  the 
e  of  Heat,  Light,  and  Electricity,  will  now  be  offered.  Of  all  it 
My  he  observed,  that  the  dependence  of  Life  upon  their  eonttant  influence 
■  greater  in  proportion  to  the  perfection  of  the  structure,  and  the  variety 
S  its  organs ;  and  vice  vend.  This  is  at  once  understood,  when  it  is  cen- 
tered that  the  more  developed  are  tlie  individual  parts  of  an  organised 
^teni,  the  more  close  is  the  connection  of  its  functions  with  one  another 
(5  16  and  188).  And,  on  tlie  contrary,  we  perceive  that  heings  of  simpler 
organisation  are  capable  of  enduring  a  deprivation  of  these  stimuli,  which 
would  be  fatal  to  those  higher  in  the  scale.  Striking  examples  of  this  will 
|iite  hereafter  adduced  when  Food  and  Air  are  treated  of  as  Vital  Stimuli; 
pnd  the  same  principle  may  be  traced  through  the  details  whicli  will  be 
resently  given  in  regard  to  Heat. 

I  208.  Another  principle  may  he  here  stated  with  respect  to  the  influence 
f  Vital  Stimuli,  which  has  hitherto  been  little  attended  to,  but  which 
s  capable  of  very  extensive  and  varied  applicstion.  It  is  this. — The 
"'■impler  the  condition  of  any  organism,  the  more  susceptible  is  it  of  being 
modified  in  form  and  structure  by  causes  external  to  itself.  We  find  this 
illostrated  not  only  in  comparing  different  portions  of  the  Animal  or 
Vegetable  scale  with  each  other,  but  in  comparing  the  same  being  at  dif- 
ferent periods  of  its  growth ;  and  we  trace  in  this  respect,  as  in  so  many 
others  (§  242 — 4),  a  remarkable  correspondeuce  between  the  early  em- 
bryonic condition  of  the  highest  species  and  the  permanent  states  of  the 
Thus,  it  has  been  elsewhere  stated  (§  94 — 9)  that,  among  the 
(west  groups  of  Plants,  there  seems  good  reason  to  believe  that  the  same 
n  may  assume  very  (Efferent  forms,  according  to  the  circumstances  under 
faich  it  is  developed.     Precisely  the  same  influence  may  be  observed,  in 

exnmple  of  the  effect  of  food,  not  only  in  mitintiuning  the  CTistence  nnd 
ilying  the  matenals  for  the  giowtli  of  the  body,  but  in  modifying  iM  development, 
may,  however,  be  beat  introduced  here.  In  every  hive  of  Bees,  the  majority  of  indi- 
vidunli  coausti  of  navlen,  which  have  the  oigani  of  the  femaJo  «ei  undovcloped,  and  are 
incapable  of  reproduction  ;  that  flmction  being  reatricteil  to  the  giiein,  who  ia  the  only 
perfect  female  in  the  community.  If  by  any  accident  the  queen  bo  dratroycd,  or  if  she 
U  purposely  removed  for  the  sake  of  experiment,  the  bees  chooBO  two  or  three  fhim 
sgumg  the  neuter  eggs  that  have  been  depoatted  in  their  appropriate  cells,  which  they 
have  the  power  of  converting  into  queena.  The  first  upcration  ia  to  change  the  cella  in 
which  they  lie  into  nsut  cells,  which  differ  &om  them  cnnsiilerably  in  form,  and  are  of 
much  larger  dimenaiona;  and  when  the  eggs  are  hutched,  the  maggot  ia  supplied  with 
fiiod  of  a  very  diSbreat  nature  iVom  the  &nna  or  bee-bread  which  has  been  atored  up  for 
the  nourishmeot  of  the  workers,  being  of  a  jelly-like  coneistenve  and  pungent  stimulating 
character.  After  the  usual  transformations  the  grub  becomes  a  perfect  queen,  ditfering 
from  the  neuter  bee  into  which  it  would  otherwise  have  changed,  not  only  in  the  develop- 
of  the  reproduutive  Hystem,  bat  in  the  general  form  of  the  body,  the  proporiionate 
!i  of  the  wing?,  thi'  shape  of  the  tongue,  jaws,  anil  sting,  the  abeoucc  of  the  hollows 
the  thighs  in  wt)iuli  the  jiolieii  is  tarried,  and  the  loss  of  tile  power  of  aecicVinn  ^ai. 
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particular  cases,  to  affect  the  germs  of  the  h^hest  tribes.  It  will  be  hi 
after  shown  (§  SSig)  that  the  embryo  of  a  seed  is  entirely  derived  from 
pollen ;  and  that  it  obtains  the  uutriment  that  serves  for  its  development, 
from  the  ovule  into  which  it  is  conveyed.  But  if  the  pollen  of  one  speries 
be  brought  into  relation  with  the  ovarium  of  another,  the  embryo  which 
results  will  produce  a  plant  whose  characters  ore  intermediate  between  those 
of  its  parents.  There  is  no  other  way  of  accounting  for  this,  than  the  sup- 
position that  the  nutriment  supplied  to  the  embryo  has  influenced  its 
development,  and  to  a  certain  extent  altered  its  characters,  jnst  as  in  the 
lower  tribes ;  and  the  example  of  the  influence  of  particular  food  on  the 
Bee,  recently  adduced,  shows  that  this  is  by  no  means  improbable.  Now 
it  will  be  observed  that,  in  neither  of  these  cases,  could  the  same  changes 
be  effected  at  a  later  period  of  development.  When  the  structure  is  fully 
formed,  and  its  properties  decided,  the  influence  of  Vital  Stimuli  upon  it  is 
more  restricted.  A  good  example  of  this  will  be  presently  given  in  regard 
to  Light  (§  219).  Any  important  deficiency  of  these  Stimuh,  then,  which 
the  being  baa  not  itself  the  power  of  supplying,  will  occasion  the  death  of 
the  individual  in  the  higher  classes,  whilst  it  will  only  modily  the  growth 
of  one  of  inferior  organisation.  We  observe  this  kind  of  modification  more 
evidently  throughout  the  whole  Vegetable  kingdom,  than  in  any  but  the 
very  lowest  classes  of  the  Animal.  Tims,  although  every  species  of  tree 
has  a  characteristic  form,  hy  which  it  may  be  recognised,  this  is  capable  of 
being  greatly  modified  by  its  degree  of  exposure  to  hght,  winds,  &c.,  and 
by  the  amount  of  nutrition  it  receives.  The  reduction  of  its  size  by  dwarf- 
mg  {§  fi/l)  may  be  carried  to  a  much  greater  extent  than  in  Animals;  and 
these  influences  are  most  effectual  during  its  younger  years.  It  is  only 
among  the  Sponges  and  compound  Polypifera  that  we  observe  the  general 
form  liable  to  this  kind  of  alteration.  The  size  may  be  greatly  modified  by 
the  amount  of  nutrition  supplied  at  an  early  period,  as  during  the  larra 
condition  of  Insects  (§  1 20}  ;  but  when  once  the  fiiU  period  of  growth  u 
attained,  the  alteration  which  can  be  effected  is  very  small.  We  find, 
however,  that  in  Animals,  as  in  Plants,  the  circumstances  under  which  the 
embryo  is  placed  in  its  early  development,  have  a  more  powerful  influence 
on  its  subsequent  form,  than  any  which  can  be  afterwards  brought  to 
upon  it ;  many  instances  of  this  will  be  hereafter  adduced  (chap. 


>v). 


Of  Heat  as  a  fltat  SHmuliig. 
209.    All  Vital  action  requires  a  certain  amount  of  Caloric  for 
performance,  and  can  only  continue  within  a  parricnlar  range  of 
perature  ;   between  the  limits  of  which,  it  is  excited  by  the  additional 
application  of  the  stimulus,  and  depressed  by  its  abatrnction.     But  heat 
and  cold  are  only  relative  terms ;   and  as  different  vital  actions  may 
inditinns   as   to  temperature,  the  amount 
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I  found  to  have  a  greftter  influence  on  the  function,  than  the 
ibsolute  degree  of  caloric  with  which  it  may  be  in  relation.     Different 

s  of  Animals  and  Vegetables  eshibit  great  varieties  in  the  limitations 

f  temperature  which  they  require ;   and  in  their  power  of  adaptation  to 

ntreme  conditions.     As  a  general  rule  it  may  be  stated,  that  the  greater 

■  the  amount  and  variety  of  vitol  action,  the  more  immediate  is  the  depen- 

mce  of  the  individual  upon  the  maintenance  of  its  usual  temperature. 

e  shall  hereafter  see  (§  459)  that  Plants  are  almost  entirely  dependent 
upon  the  medium  they  inhabit  for  the  necessary  supply  of  caloric,  and 
that  it  is  only  during  one  or  two  periods  of  the  existence  of  the  more  per- 
fect kinds,  that  any  sensible  degree  of  heat  is  generated  by  them.  But, 
being  thus  dependent,  their  vital  actions  are  so  adjusted  as  to  be  carried 
on  within  very  wide  extremes  of  heat  and  cold.  Tlius,  a  hot  spring  in  tJie 
Manilla  islands  which  raises  the  thermometer  to  187",  has  plants  flou- 
rishing in  it  and  on  its  borders.  In  hot  springs  near  a  river  of  Louisiana, 
of  the  temperature  of  from  122"  to  14.5",  have  been  seen  growing  not 
merely  Confervoe  and  herbaceous  jilnnts,  but  shrubs  and  trees.  A  species 
of  Chara  has  been  found  growing  and  reproducing  itself  in  one  of  the  hot 
springs  of  Iceland,  which  boiled  an  egg  in  four  minutes ;  and  various 
Confervas,  &e.  have  been  obsen'e  J  in  the  boiling  springs  of  Arabia  and 
the  Cape  of  Good  Hope.  The  most  remarkable  statement  of  vegetation 
at  a  very  high  temperatiffe  is  given  in  Staunton's  account  of  Lord 
Macartney's  embassy  to  China.  At  the  island  of  Amstenlam  a  spring 
was  Ibund,  the  mnd  of  which,  hotter  than  boiling  water,  gave  birth  to  a 
species  of  Marchantia. 

210,  On  the  other  hand,  there  are  some  forms  of  vegetation  which 
only  luxuriate  in  degrees  of  a>ld  which  are  fatal  to  most  others.  Thus, 
the  Lichen  which  serves  as  the  winter  food  of  the  rein-deer,  grows  buried 
beneath  the  snow  ;  and  the  beautiful  Uttle  Pntoeoecus  nimfu  or  red  snow 
(Fig.  59)  reddens  extensive  tracts  in  the  arctic  regions,  where  the  per- 
petual frost  of  the  surface  scarcely  yields  to  the  influence  of  the  solar  rays 
at  midsummer.  To  every  species  of  vegetable  there  is  a  temperature  which 
is  most  congenial,  from  its  producing  the  most  favourable  influence  on  its 
general  vital  actions  ;  and  although  many  kinds  of  plants  may  be  natural- 
ised in  chmates  very  different  from  those  in  which  they  are  indigenous, 
they  generaUy  exhibit  some  change  in  structure  or  mode  of  growth,  con- 
formable to  tlieir  altered  circumstances.  "The  Twious  degrees  of  external 
temperature  required  by  plants,  are  beautifully  exemplified  in  mountainous 
districts,  the  low  valleys  of  which  are  frequently  adorned  with  the  vegeta- 
ble products  of  the  torrid  zone,  and  the  more  elevated  districts  with  those 
of  temperate  climates,  while  towards  the  summit  nothing  is  met  with  but 
the  meagre  natives  of  polar  regions ;  and  the  lines  of  demarcation  are 
sometimes  so  remarkable,  that  on  tJie  votcium  of  TencrifFe  no  fewer  tliiui 


five  distin(^t  zones,  marked  by  the  products  which  characterise  different 
climates,  are  distinguished."* 

211.  The  action  of  heat  in  directly  stimulating  the  vital  processes  of 
Plants  is  very  obvious.  Its  first  effect  is  to  increase  the  quantity  of  eva- 
poration from  the  surface,  and  consequently  the  activity  of  absorption  by 
the  roots.  The  general  processes  of  nutrition  are  thus  carried  on  with 
vigour,  80  long  as  the  plant  is  well  supplied  with  water,  which  not  only 
prevents  its  tissues  from  being  dried  up,  but,  by  its  conversion  into  vapour, 
moderates  the  temperature  which  would  otherwise  he  excessive.  But  even 
then,  if  the  heat  continue  violent,  the  growth  of  the  plant  is  too  luxuriant, 
and  its  energies  are  exhausted.  If  the  supply  of  water  is  deficient,  the 
development  of  the  nutritive  system  is  prevented,  and  the  tissues  are 
dense  and  contracted  ;  thus,  shrubs  growing  among  the  sandy  deserts  of 
the  East  have  as  stunted  an  appearance  as  those  attempting  to  vegetate  in 
arctic  regions,  their  leaves  being  converted  into  prickles,  and  their  leaf- 
buds  prolonged  into  thorns  instead  of  branches.  Cold  appears  to  act 
injuriously  on  plants,  both  by  depressing  the  amount  of  their  vital  actions, 
and  by  the  physical  changes  it  produces.  A  very  severe  frost  will  some- 
times congeal  their  juices,  and  burst  the  cells  and  vessels  which  contain 
them  ;  but  the  viscidity  of  their  fiuids,  and  their  distribution  through 
lainute  tubes,  tend  to  resist  this  mjurious  effect,  which  is  also  retarded  by 
the  alow  conducting  power  of  the  wood.  By  these  means,  plants,  whieb 
have  little  or  no  power  of  generating  heat  in  themselves,  are  enabled  to 
withstand,  to  a  gre^t  degree,  the  influence  of  cold  ;  and  the  dormant  con- 
dition of  their  functions  during  winter,  whilst  itself  partly  a  eonsequencr 
of  the  depression  of  temperature,  is  also  a  provision  appointed  by  Naturr 
for  the  preservation  of  the  vitahty  of  the  system.  There  ia  reason  to 
lielieve  that  the  injurious  effect  of  excessive  heat  is  sometimes  manifested 
in  Aphysieal  change,  of  a  similar  character  to  that  juat  described  as  pro- 
duced by  cold.  Grains  of  various  kinds  of  com  will  germinate  after 
being  exposed  for  a  quarter  of  an  hour  to  a  temperature  equal  to  that  of 
frozen  mercury ;  but  their  vitality  is  destroyed  by  exposure  to  water  of 
144",  or  to  vapour  of  167".  At  this  temperature  the  structure  of  the 
seed  undergoes  a  disorganising  change  by  the  rupture  of  the  vesicles  of 
starch  which  form  a  large  part  of  it ;  and  the  loss  of  its  power  of  germi- 
nating is  therefore  readily  accounted  for.  Of  the  stimulating  effects  of 
heat  upon  the  particular  processes  of  the  vegetable  economy,  more  will  be 
said  under  their  respective  heads.  The  following  curious  fact,  however, 
may  be  introduced  here,  as  having  an  interesting  analogy  with  that  just 
now  stated  regarding  the  Bee  (J  207,  note).  It  is  mentioned  by  Mr. 
Knight  tliat  cucumber  and  melon  plants  will  afford  all  male  or  stamiui- 
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teroiis  flowers  if  vegetatiou  lie  occelemted  by  lieat ;  and  all  female  or  pistil- 
liferuiis,  from  tbe  same  points,  if  its  pri^ess  be  retarded  by  cold. 

212,  Amongst  the  lower  Auimals,  the  power  of  coufonnity  to  varieties 
of  temperature  is  nearly  as  great  as  iu  the  vegetable  kingdom  ;  and  consi- 
dering that  the  amouut  and  variety  of  their  vital  actions  may  frequently 
be  regarded  as  not  surpassiug  that  of  plants,  the  absence  of  the  capability 
of  maintaining  an  independent  temperature  need  not  be  a  matter  of  sur- 
prise. The  uuimals  whose  bodies  appear  most  susceptible  of  enduring 
eitremes  of  heat  and  cold,  are  chiefly  those  in  which  the  nutritive  or 
o^anic  system  predominates  ;  for  the  fnll  exercise  of  the  animal  powers  a 
steadier  temperature  is  necessary,  and  tliis  is  obtiuned  by  endowing  the 
body  itself  with  the  mefins  of  generating  warmth,  and  of  resisting  the  vio- 
lent action  of  estemal  heat  by  refrigerating  processes.  By  these  means, 
ammals  of  the  highest  organisation,  such  ns  Man,  arc  rendered  capable  of 
enduring  vicissitudes  of  temperature,  which  would  be  fatal  to  many  less 
perfect  species  ;  but  the  heat  of  his  own  body,  which  is  that  required  for 
the  continuance  of  its  fimctions,  varies  extremely  little.  Heuce  it  is  seen 
that  the  degree  of  external  heat  or  cold  cannot  always  he  taken  as  an 
indication  of  that  which  is  compatible  with  the  performance  of  the  actions 
of  life  ;  since  if  a  warm-blooded  animal  in  a  temperate  atmosphere  be 
deprived  of  its  power  of  generating  caloric,  it  will  speedily  become  inca- 
pable of  continued  existence,  even  at  a  degree  of  external  heat  which  is 
fuDy  BufBcient  for  the  energetic  life  of  tribes  entirely  dependent  upon  it. 
And,  on  the  other  hand,  there  are  some  species  of  cold-blooded  animals, 
whose  lives  would  he  destroyed  fay  a  degree  of  heat  which  is  but  salutary 
to  others,  if  their  self-refrigerating  power  did  not  resist  its  influence. 
llius,  the  muscular  flhre  of  Frogs  is  so  easily  excited  that  it  would  imme- 
diately pass  into  a  state  of  permanent  and  rigid  contraction,  if  bathed  trith 
a  circulating  fluid  of  the  temperature  of  the  blood  of  Birds.  But  although 
a  fluid  medium  of  104°  is  almost  immediately  fatal  to  these  animals,  they 
■re  capable  of  sustaining  the  same  heat  in  air  for  a  long  time,  without 

'  iojury  ;  as  the  rapid  evaporation  from  their  bodies  resists  its  influence. 
Individuals  of  the  human  species  have,  in  like  manner,  been  subjected 
fiir  a  short  time  to  a  temperature  of  SCO"  in  dry  air,  and  for  a  longer 
period  to  a  heat  of  210-',  vrithout  much  inconvenience  ;  whilst  exposure  to 
vitery  vapour  of  135",  or  immersion  in  water  of  1 13",  cannot  be  continued 
for  many  minutes. 

213.  Many  facts  are  on  record,  however,  which  prove  that  vital  action 
ntty  continue  under  a  very  high  degree  of  external  heat,  in  animals  which 
have  no  such  power  of  modifying  it ;  and  which  must  always  have  an 
iaiemal  temperature  bordering  upon  that  of  the  medium  in  which  they 
exist.  It  is  with  regard  to  Fishes,  principally,  that  such  observations 
have  been  collected.  Thus,  in  the  Manilla  sjiring,  already  mentioned, 
fishes  were  obsen'ed  by  Sonnerat ;    and  in  the  thermal  waters  of  Barbary, 


other  species  have  been  found  existing  at  a.  temperature  of  1 72".  Hum- 
boldt also  mentions  seeing  fishes  thrown  up  in  very  hot  water  from  thi' 
crater  of  a  volcano,  which,  from  their  lively  condition,  was  apparently' 
their  natural  residence.  Various  fresh  water  Molluaea  are  found  in 
thermal  springs,  the  heat  of  which  is  from  100°  to  145";  and  Rotifera 
and  other  animalcdes,  in  water  of  112°.  Larvte  of  Tipulte  have  been 
found  in  hot  springs  of  205"  ;  and  small  black  beetles,  which  died  when 
placed  in  cold  water,  in  the  hot  sulphur  baths  of  Albauo.  Entozoa  inha- 
biting the  bodies  of  MommaUa,  and  of  Birds,  must  of  course  be  adapted  to 
the  conditions  of  their  reajdcnce  ;  oud  tlie  heat  which  they  there  support, 
from  96"  to  lOP",  seems  so  natural  to  them  that  they  become  torpid  in  a 
cool  atmosphere.  On  the  other  hand,  the  Eutozoa  of  cold-blooded  animals 
seem  capable  of  resiatmg  not  only  cold,  but  heat ;  it  has  been  stated  thai 
those  inhabiting  the  intestines  of  a  carp  have  been  seen  alive  after  the  boil- 
ing of  the  fish  for  eating.  With  regard  to  the  degree  of  aJd  which  differ- 
ent species  of  animals  are  capable  of  enduring,  information  is  still  much 
wanting.  It  would  appear  probable  that  many,  which  have  not  al 
moderate  temperatures  the  power  of  maintaining  an  independent  beat, 
can  generate  caloric  to  sufficient  extent  to  resist  the  influence  of  severe 
cold  (§  553).  A  large  proportion  of  warm-blooded  animals  pass  the 
winter  in  a  state  of  hybernation  {%  192)  ;  and  the  non-conducting  power 
of  their  coverings,  and  of  the  habitations  they  contrive  for  themselves,  u 
generally  sufficient  to  retwn  within  their  bodies  the  little  heat  which  they 
then  evolve.  It  is  not  a  little  curious  that  in  such  cases  extreme  cold 
acts  as  a  temporary  stimulus.  If  a  dormouse  or  other  hybemating  animal, 
already  reduced  to  torpidity  by  a  moderate  diminution  of  temperature,  be 
exposed  to  a  more  intense  degree  of  cold,  its  vital  ener^es  are  aroused. 
as  by  any  mechanical  or  other  excitement ;  and  it  begins  to  execute  the 
movements  of  respiration,  by  which  its  temperature  is  for  a  time  elevated. 
But  the  cause  which  has  aroused  the  activity  of  the  animal  is  not  adeqnat? 
to  maintain  it.  Too  little  heat  is  generated  to  enable  it  to  resist  far  any 
length  of  time  the  continued  depressing  influence  of  the  cold  around  it ; 
in  spite  therefore  of  the  renewed  activity  of  the  respiratory  and  circulating 
systems,  the  temperature  of  the  animal  quickly  sinks,  and  he  relapses  into 
a  lethargy  which  becomes  fatal.  On  the  other  hand,  it  is  observed  that 
heat  induces  a  state  of  inactivity  in  some  animals  (§  1 93).  Rndolphi  found 
that  the  fi^eZtrj)o»iflft*a  became  torpid  and  motionless  in  water  at  112°,  and 
recovered  its  energy  when  placed  in  a  cooler  situation. 

214.  A  degree  of  Cold  which  absolutely  freezes  their  bodies  does  not 
seem  to  be  eijually  fatal  to  all  Animals.  The  warm-blooded  Vertebrata  are 
destroyed  by  it ;  and  Insects  in  their  perfect  state  appear  to  suffer  in  like 
maimer.  Fishes,  on  the  other  hand,  and  perhaps  ReptUes,  may  be  froten 
without  their  vitality  being  necessarily  lost.  Of  those  which  are  im.bedded 
in  the  ice  of  polar  regions,  some  have  been  found  to  return  to  life  when 
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thawed ;  but  the  power  of  revivification  seems  most  common  in  those 
species  which  are  confined  in  shallow  lakes^  and  are  thus  unable  to  migrate 
to  a  warmer  medium.  The  Larvae  of  Insects  are  equally  tenacious  of 
vitality.  Lister  first  noticed  that  he  had  found  Caterpillars  so  frozen^  that^ 
when  dropped  into  a  glass^  they  chinked  hke  stones  ;  but  that  they  never- 
theless revived.  Bonnet  and  others  have  confirmed  this  statement.  The 
PapUio  Brassicis  (cabbage  butterfly)  has  been  produced  from  a  larva  which 
had  been  exposed  to  a  frost  of — 14^  Reaum.  or  0^  Fahr.,  and  which  had 
become  a  lump  of  ice.  The  egg  would  seem  capable  of  sustaining  yet 
more  severe  cold  without  losing  its  vitahty.  Spallanzani  found  that  expo- 
sure to  a  temperature  of — 38®,  or  even  — 56®  did  not  destroy  the  fertility  of 
the  ova  of  Silk-worms  ;  and  the  eggs  of  the  Slug  have  been  subjected  to  a 
cold  of  —-40®  without  injury.     (See  also  §  191.) 

215.  It  is  sufficiently  evident,  then,  that  there  is  an  essential  difference 
between  the  power  of  generating  heat,  and  the  power  of  sustaining  varia- 
tions in  external  temperature.  The  former  is,  in  fact,  possessed  in  the 
highest  degree  by  those  most  deficient  in  the  latter.  It  is  greatest  in 
animajg  exhibiting  the  greatest  extent  and  variety  of  vital  action,  and  at 
the  season  when  it  is  most  required.  We  shall  hereafter  see  that  it  de- 
pends on  certain  alterations  in  the  nutritive  system  ;  and  that  it  bears  a 
constant  relation  with  their  activity  (§  565).  The  latter  is  a  peculiar  en- 
dowment, varying  in  each  species,  and  in  the  same  individual  at  different 
periods ;  and  not  manifesting  itself  by  any  discernible  character  of  struc- 
tinre. — ^The  following  extract*  will  serve  as  an  interesting  illustration  of  the 
forgoing  principles: — "When  we  first  arrived  at  Bahia  Blanca,  Sept.  7th, 
1832^  we  thought  nature  had  granted  scarcely  a  Uving  creature  to  this 
dry  and  sandy  country.  By  digging,  however,  in  the  ground,  several 
insects^  large  spiders,  and  lizards,  were  found  in  a  half  torpid  state.  On 
the  15th,  a  few  animals  began  to  appear;  and  by  the  18th  (three  days 
firom  the  equinox)  everything  announced  the  commencement  of  Spring. 
The  plains  were  ornamented  by  the  flowers  of  a  pink  wood-sorrel,  wild 
peas,  oenotherse,  and  geraniums ;  and  the  birds  began  to  lay  their  eggs. 
Numerous  Beetles  were  crawling  about ;  while  the  Saurian  tribe,  the 
constant  inhabitants  of  a  sandy  soil,  darted  in  every  direction.  During 
the  first  eleven  days,  whilst  Nature  was  dormant,  the  mean  temperature 
was  51®,  and  in  the  middle  of  the  day,  the  thermometer  seldom  ranged 
above  55®.  On  the  eleven  succeeding  days,  in  which  all  living  creatures 
became  so  animated,  the  mean  was  58®,  and  the  range  in  the  middle  of 
the  day  between  60®  and  70®.  Here  then  an  increase  of  7®  in  mean 
temperature,  but  a  greater  one  of  extreme  heat,  was  sufficient  to  awake 
the  fonctions  of  life.  At  Monte  Video,  from  which  we  had  just  before 
sailed,  in  the  23  days  included  between  July  26th  and  Aug.  19th,  the 
mean  temperature  was  58*4®.    The  lowest  point  to  which  the  thermometer 

*  Darwin*s  Journal  of  Voyage  of  the  Beagle,  p.  115. 
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fell  was  41'5'',  and  occasionally  in  tlie  middle  of  the  day,  it 
70°.  Yet  with  this  elevated  temperature,  almost  every  beetle,  several 
genera  of  spiders,  snails  and  land-shells,  toads  and  lizards,  were  lying 
torpid  beneath  stones.  But  we  hare  seen  that,  at  Baliia  Blanca,  which  is 
four  degrees  to  the  southward,  and  therefore  with  a  climate  only  very  little 
colder,  this  same  temperature,  with  a  rather  less  extreme  heat,  was  suffi- 
cient to  awake  all  orders  of  animated  beings.  This  shows  how  nicely  the 
required  degree  of  stimidus  is  adapted  to  the  general  climate  of  the  place, 
and  how  little  it  depends  on  absolute  temperature." 


bee*™ 


Of  Light  as  a  Fital  Stimulus. 

216.  The  influence  of  Light,  as  a  stimulus  to  vital  action, 
much  overlooked.  Its  immediate  effects  upon  the  Animal  system  are  not 
so  manifest  as  those  of  heat,  but  they  are  probably  not  less  important.  In 
the  Vegetable  kingdom  its  mode  of  operation  is  less  obscure  ;  and  the 
facihty  with  which  experiments  may  be  performed  regarding  its  action  iin 
plants,  has  led  to  a  tolerably  definite  knowledge  of  its  connection  with  their 
particular  fiinctions.  It  must  be  remembered  that,  like  heat  and  cold, 
light  and  ilarkness  are  merely  relative  terms ;  and  that  in  what  appears 
a  state  of  darkness  to  our  senses,  the  influence  of  light  may  still  eiist,  in 
a  degree  sufficient  to  excite  the  Vitality,  if  not  the  sensations,  of  other 
beings.  The  operation  of  Light  is  so  closely  connected  with  that  of  Heal- 
that  it  is  not  always  easy  to  say  what  effects  are  due  to  one  and  whfll 
to  the  other.  Means  may  readily  be  devised,  however,  of  placing  the 
subjects  of  experiment  in  the  same  circumstances  as  regards  one  of  these 
agents,  and  of  varying  the  amount  of  influence  they  respectively  receive 
from  the  other. 

217.  There  is  scarcely  a  process  in  the  Vegetable  economy  which  doe* 
not  depend  upon  the  stimulus  of  Light.  The  exhalation  of  vapour  from 
the  leaves,  and  consequent  absorption  of  fluid  by  the  roots, — the  decom- 
position of  the  carbonic  acid  of  the  air,  and  the  reception  into  the  system 
of  the  carbon  thus  furnished, — the  formation  of  the  nutritions  products 
adapted  to  the  maintenance  and  extension  of  the  structure,— and  the 
elaboration  of  the  peculiar  secretions  which  are  characteristic  of  different 
tribes,  are  so  completely  subservient  to  it,  that  they  languish  under  a  dimi- 
nution, and  usually  cease  under  a  continued  abstraction,  of  its  agency- 
Nature  has  provided  in  the  constitution  of  all  hting  beings  for  the  periodical 
changes,  which  the  alternation  of  day  and  night,  and  the  succession  of  ih* 
seasons,  produce  in  the  degree  of  illumination  aflorded  to  them.  We  God 
some  plants  adapted  only  to  exist  where  they  can  be  daily  invigorated  bj 
the  powerftd  rays  of  a  tropical  sun ;  and  others,  whose  energies,  aftfr 
remaining  dormant  during  the  tedious  winter  of  the  arctic  regions,  art 
aroused  into  a  brief  activity  by  the  return  of  the  luminary  on  whose  cheer- 
ing influence  they  depend.     Neither  race  could  flourish  if  transferred. 


the  external  condttiona  of  the  other ;  for  to  each  are  the  circumstances  of 
its  existence  natural,  beiug  adapted  to  its  original  constitution.  To  both 
is  a  cerliun  amount  of  Light  necessary,  though  its  distribution  is  bo  dif- 
ferent. Bnt  there  are  some  plants  which  seem  able  to  flourish  in  a  very 
feeble  degree  of  illumination.  Many  Fungi  are  found  vegetating  in  caverns 
and  mines,  to  which  no  direct  or  reflected  solar  rays  would  seem  to  Imve 
access  ;  and  even  more  perfect  plants  have  been  seen  growing  under  similar 
circumstances.  TTius,  Humboldt  met  with  both  Endogenous  imd  Exogenous 
species,  presenting  a  green  colour,  in  the  subterranean  galleries  of  the  mines 
of  Freyberg;  and  the  same  eircumstanee  has  been  stated  to  occur  in  some 
of  the  EngUsh  Collieries. 

218.  When  Plants  are  subject  to  the  influence  of  light  in  one  direction 
only,  they  grow  towards  it,  frequently  in  a  manner  remarkably  differing 
from  their  usual  form.  The  cause  which  so  constantly  produces  this  direc- 
tion will  be  hereafter  investigated;  its  object  is  evidently  to  enable  the 
plant  to  avail  itself  as  much  as  possible  of  its  limited  opportunities.  The 
tendency  of  the  roots,  however,  is  to  avoid  the  light ;  and  the  same  ten- 
dency is  eshibited  by  some  of  the  simpler  species  of  plants,  to  which  the 
stimulus  favourable  to  the  growth  of  the  more  perfect  would  be  excessive. 
Thus,  many  Mosses  and  Perns  are  tbund  growing  only  on  the  north  and 
iiorthwest  sides  of  trees,  hedges,  and  rocks,  This  is  well  esemplified  by 
the  Irish  round  towers,  the  north  and  northwestern  surfaces  of  which 
Rthihit  in  many  cases  a  lusuriant  growth  of  cryptogamic  vegetation,  while 
the  opposite  parts  are  comparatively  bare.  It  is  well  known  that  the 
Indians  and  backwoodsmen  of  North  America  are  frequently  assisted  in 
finding  their  way  through  the  forest,  by  examining  the  trees,  which  indi- 
cate the  north  by  means  of  the  greater  quantity  of  mosses,  &c.  growing 
upon  that  side  of  the  trunks.  Many  Lichens,  again,  are  only  to  be  found 
m  the  recesses  of  the  most  shady  woods  ;  and  darkness  {that  is,  a  feehle 
degree  of  light,)  is  generally  favourable  to  the  growth  nf  the  Fungi, 
Amongst  the  causes  which  influence  the  first  direction  of  the  stem  and 
mots,  Light  appears  to  he  one  of  the  principal.  This  has  been  lately  shown 
by  Schultz,  who  placed  seeds  of  Cabbages,  Mustard,  and  Kidneybeans  in 
Moss,  and  so  arranged  them  that  the  only  hght  they  could  receive  whs  by 
a  mirror  which  threw  the  solar  rays  upon  them  from  below  upwards.  In 
consequence,  they  sent  their  roots  upwards,  and  their  stems  downwards. 
The  periodical  movements  of  the  flowers  of  certain  plants  appear  to  he 
partly  under  the  control  of  light,  although  without  doubt  subject  to  other 
influences.  Some  flowers  open  in  the  morning  and  close  at  evening  i 
others,  on  the  contrary,  expand  at  night,  and  fold  together  early  in  the 
day.  When  withdrawn  for  a  long  time  from  the  stimulus  of  light,  these 
movements  cease  and  the  flowers  remain  closed ;  but  by  artificial  illumina- 
I,  they  may  be  made  to  reeommence ;  and  Decandolle  found  that,  bv 
■erring  plants  in  a  cellar,  which  was  at  night  hghted  with  lamps,  and 


by  day  kept  dark,  their  natural  times  could  be  revereed.  This,  however, 
could  only  he  effected  when  their  original  tendency  had  been  subdued  by 
the  continued  deprivation  of  the  stimulus ;  and  the  eiperiment  was  not 
found  to  succeed  with  all  vegetables. 

219.  There  is  one  condition  of  Plants  in  which  the  influence  of  light 
rather  retards  than  hastens  the  progress  of  vegetation, — that,  namely,  of 
fferminalion  (§  76).  It  will  hereafter  be  seen,  however,  that  this  process 
essentially  consists  in  the  conversion  of  the  aliment  stored  up  by  the  parent 
(in  a  form  not  liable  to  alteration  from  varieties  of  external  condition),  into 
a  product  fit  for  the  nutrition  of  the  embryo ;  and  to  the  chemical  process 
which  this  requires,  light  would  be  decidedly  opposed,  tending  as  it  docs  to 
fit  carbon  in  the  system  instead  of  favouring  its  liberation.  As  soon  as 
this  store  is  exhausted,  and  the  plant  has  to  maintain  its  own  exiatence,  the 
stimulus  of  light  becomes  necessary  for  the  performance  of  its  functions,  as 
in  other  cases.  A  striking  fact  relative  to  the  influence  of  this  agent  on 
the  development  of  particular  organs  in  the  vegetable  structure,  has  been 
brought  forward  by  Mirbel.  He  found  that,  up  to  a  certain  period  of  tlie 
growth  of  the  little  gemma  of  the  Marchaiiiia  pnlymorpka  (§  89,  Fig.  50), 
it  appeared  indifferent  which  side  was  uppermost ;  for  that,  on  the  surface 
of  the  foUaceous  expansion  exposed  to  the  light,  sl.omata  (§  496)  would 
always  be  formed,  while  from  the  under  siu^ace,  roots  would  be  protruded. 
After  the  tendency  to  the  formation  of  these  organs  had  once  been  gjven, 
however,  by  a  sufBciently  protracted  influence  of  light  above,  and  of  mois- 
ture beneath,  it  was  in  vain  to  attempt  to  alter  it ;  for  if  the  surfaces  were 
then  inverted,  they  would  be  restored  to  their  original  position  by  the 
twisting  growth  of  the  plant  (Fig.  51). 

220.  Although  there  can  be  little  doubt  that  Animals  are  equally  depen- 
dent upon  the  influence  of  Light  with  vegetables,  the  mode  of  its  operation 
upon  their  vital  functions  is  not  equally  evident.  As  among  plants,  different 
tribes  are  adapted  to  maintain  their  existence  under  varying  degrees  of  this 
stimulus.  Most  Animals  are  intended  hy  nature  to  pass  the  day  iu  a  state 
of  activity,  and  to  seek  repose  at  night.  There  are  some  tribes,  however, 
whose  period  of  quiescence  is  that  of  light,  and  which  go  abroad  to  seek 
their  subsistence  in  the  evening  twihght  (such  being  called  crepuseutar 
animals),  or  at  night.  These  are  endowed  with  organs  of  vision,  capable 
of  being  stimulated  by  a  much  less  degree  of  light,  than  that  which  is  neces- 
sary for  human  sight.  Judging  from  the  analogy  of  the  eye,  therefore,  it 
is  not  difficult  to  luiderstaud,  how  an  extremely  low  degree  of  this  stimulus 
may  be  sufficient  to  maintaui  the  existence  of  beings  which  are  constitu- 
tionally adapted  to  it,  when  its  more  powerful  action  is  required  for  others. 
Of  the  extent  to  which  animal  existence  can  be  maintained  under  its  com- 
plete deprivation,  we  have  little  certain  information.  It  is  well  known  that 
the  solar  rays,  even  when  entering  the  water  perpendicularly,  are  scarcely 
transmitted  in  any  appreciable  proportion  beyond  the  depth  of  100  fathoms. 
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a  ranch  reason  to  believe  that  the  great  majority  of  the  inhnbitnuts 
if  the  deep  exist  in  the  upper  stratum,  and  that  the  dark  and  rayleaa  abyss 
^neath  is  tenanted  but  by  few  living  beings  of  any  description.  Of  those 
■•rliich  are  occasionally  fished  up  from  great  depths,  it  may  he  doubted 
Irhether  they  are  constant  or  only  temporary  sojourners  there.  Captain 
~  Mreaby  mentions  that  various  species  of  Star-fish,  of  the  most  brilliant  and 
eautifbl  markings,  were  brought  up  at  the  end  of  a  line  of  250  fathoms ; 
Paad  Biot  speaks  of  fishes  ivhose  existence  has  been  ascertained  at  a  depth 
of  from  500  to  600  fathoms.  There  are  very  few  exceptions  to  the  fact. 
that  the  species  of  MoUusca  captured  alive  have  been  taken  at  a  less  depth 
than  100  fathoms. 

221.  Various  aquatic  tribes  seem  to  hav^  their  particular  allotted  range 
in  the  ocean,  some  being  always  found  in  very  shallow  waters,  some  in 
those  of  moderate  depth,  and  others  at  a  level  considerably  below  them. 
The  adaptation  of  their  structure  to  particular  degrees  ofpretgure  is  remark- 
ably shown  by  the  distension  (sometimes  even  to  bursting)  of  the  air- 
bladder  of  Fishes  brought  up  from  a  great  depth  to  the  surface ;  and  as 
the  relative  (Quantity  of  light  they  receive  in  these  different  situations  varies 
so  much,  there  can  be  no  doubt  that  each  is  susceptible  of  advantageous 
iaflnence  from  the  particular  degree  to  which  it  is  subject.  That  modifica- 
tions of  structure  do  take  place  in  conformity  with  the  degree  of  illumination 
in  which  the  individual  is  to  exist,  is  shown  by  the  large  size  of  the  eyes  in 
deep-water  fishes,— evidently  a  provision  for  the  collection  of  as  many  rays 
as  possible,  like  the  wide  dilatation  of  the  human  pupil  in  a  feeble  degree 
of  light.  Among  the  lowest  tribes  of  animals,  there  is  evidently  a  suscepti- 
bility to  the  influence  of  light,  where  no  special  organs  of  vision  are  evolved. 
Some  Polypes  and  Animalcides  appear  to  seek,  and  othcra  to  shun  it.  But 
the  actions  performed  by  them  for  these  purposes  can  scarcely  be  regarded 
as  of  much  higher  character  than  the  movement  of  Plants  in  a  particular 
direction  ;  although  we  cannot  as  well  trace  the  immediate  channels  of  their 
excitenient  in  the  former  case  as  in  the  latter. 

222.  Although  the  effect  of  light  upon  the  fimctiona  of  Animals  is  so 
little  understood,  there  is  no  doubt  that  it  exercises  a  marked  influence 
upon  the  development  of  their  structure.  The  appearance  of  animalcules 
in  infusions  of  decaying  organic  matter  is  much  retarded  if  the  vessel  be 
altogether  secluded  from  it ;  and  if  equal  numbers  of  ailk-womis'  eg^ 
be  preserved  in  a  dark  room,  and  exposed  to  common  daylight,  a  raudi 
larger  number  of  larvse  are  hatched  from  the  latter  than  from  the  former. 
The  influence  of  light  on  Animal  development  has  been  proved  in  the  most 
striking  manner  by  the  expcrimenta  of  Dr.  Edwards.  He  has  shown  that 
if  tadpoles  be  nourished  with  proper  food,  and  are  exposed  to  the  con- 
stantly-renewed  contact  of  water  {so  that  their  branchial  respiration  may  be 
intamed,  §  475),  but  are  entirety  deprived  of  Ught,  their  growth  con- 
tinues, bnt  their  metamorphosis  into  the  condition  of  air-breathing  animals 


ia  arrested,  and  they  remfun  in  the  form  of  large  tadpoles.  Dr.  E.  also 
observes  that  persona  who  live  in  cavea  or  cellars,  or  in  very  dark  and 
narron  streets,  are  apt  to  produce  deformed  children ;  and  that  men  who 
work  in  mines  are  liable  to  disease  and  deformity,  beyond  what  the  simple 
closeness  of  the  atmosphere  would  be  hkely  to  produce.  It  has  been 
recently  stated,  on  the  authority  of  Sir  A.  Wylie,  that  the  cases  of  disease 
on  the  dark  side  of  an  extensive  barrack  at  St.  Petershurgh,  have  been 
nniformly,  for  many  years,  in  the  proportion  of  three  to  one,  to  tliosc  on 
the  side  exposed  to  strong  light.*  On  the  contrary,  the  more  the  body  is 
exposed  to  the  influence  of  hght,  the  more  freedom  do  we  find,  ceteri* 
parihiig,  from  irregular  action  or  conformation.  Humboldt  has  remarked 
that,  among  several  nations  of  South  Americawho  wear  very  little  clothing, 
he  never  saw  a  single  individual  with  a  natural  deformity ;  and  Llnnteus, 
in  his  account  of  his  tour  through  Lapland,  enumerates  constant  exposure 
to  solar  light  as  one  of  the  causes,  which  render  a  summer  journey  through 
high  northern  latitudes  so  peculiarly  healthful  and  invigorating. 

223.  It  is  no  argument  against  the  inferences  to  be  drawn  from  tliese 
facts,  that  we  cannot  understand  the  mode  in  which  hght  thus  influences 
the  Animal  body.  Pecuhar  sympathies  are  sometimes  connected  with  its 
impressions  on  the  eye.  Thus,  three  cases  are  on  record,  in  which  the 
constant  presence  of  light  was  necessary  for  the  continuance  of  the  respira- 
tory movements  even  during  sleep,  so  that  the  individuals  woke  in  a  state 
of  dyspncea  if  it  were  withdrawn  ;f  and  Dr.  D.  B.  Rcid  has  recently  stated 
that,  in  hia  esperiments  on  respiration  in  nosious  atmospheres,  he  found 
the  unpleasant  effects  pass  off  more  rapidly  and  completely, 
exposed,  not  only  to  a  fresh  and  Iree  atmosphere,  hut  also  to 
light. 

Of  Electrieity  as  a  Vital  Stimulus. 

224.  The  mode  and  degree  in  which  this  agent  operates  o 
system,  is  one  of  the  most  obscure  but  moat  interesting  qnestioii 
logy.  If,  as  has  been  stated  (§  19),  there  is  reason  to  behcve  that  aU  the 
new  combinations  of  elementary  substances  which  are  formed  in  organised 
bodies,  are  held  together  by  alhnities  of  the  same  kind  as  those  which 
operate  in  the  inorganic  world,  namely,  by  electrical  attraction,  it  is  evident 
that  Electricity  mnst  he  regarded  as  one  of  the  most  important  of  all  the 
Vital  Stimuli,  since  upon  its  mode  of  operation  will  depend  the  character  of 
all  the  earlier  stages  of  the  nutntivp  process  If  th  s  be  the  case,  however, 
it  would  seem  likely  that  all  the  electnaty  wbch  is  required  is  generated 
within  the  system  itseh  smce  the  constant  vanat  ons  in  the  condition  of 
the  atmosphere  would  be  attended  with  too  much  uncertainty  of  operatioa, 
were  living  beings  dependent  upon  the  electricity  supplied  by  it.     To  the 
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s  of  the  development  of  this  agent  vitluii  lite  system,  allusion  will 
■r  be  made  (§  570)  ;  at  present  the  eridences  of  its  operation  when 
lemaST  applied  will  be  briefly  eaumeralcd. 

225.  It  b  well  known  that  in  all  meteorological  rhsnges,  alterations  in 
;  electric  stale  of  the  atmosphere  are  largely  coiicenied ;  and  that  the 

;  decided  the  change,  the  more  evident  is  the  electric  disturl>ance. 
T  Tfgctables  seem  very  susceptible  of  such  changes  ;  some  closing  and 
rs  uufolding  their  flowers  on  the  a|ipr<>aeh  of  a  storm.  In  what  is 
inonly  spoken  of  as  a  highly  electrical  state  of  the  atmosphere,  young 
shoots  of  various  plants  have  been  observed  to  elongate  with  extraordinary 
rapidity.  Duliamel  saw  a  young  stalk  of  barley  grow  sis  inches,  and  a 
vme-shoat  almost  two  feet,  during  three  days  of  electric  weather.  This 
efiect,  however,  cannot  be  imitated  by  the  arrifieial  application  of  the  sti- 
mollis ;  though  a  gentle  current  transmitted  through  the  plant  seems  to 
increase  the  exhalation  from  its  surface,  and  consequently  affects  other  vital 
processes.  It  is  not  mireasonahle,  however,  to  suppose  that,  as  the  dif- 
ferent processes  occurring  in  the  system  may  require  different  d^reea  of 
the  stimulns,  that  which  is  beneficial  to  some  may  be  injurious  to  others, 
■ad  hence  that  the  economy  in  general  may  not  be  advantageously  in- 
Snenced.  During  the  germination  of  the  seed,  however,  the  fimctions  are 
of  ■  much  more  simple  and  uniform  character,  being  confined  to  the  con- 
teraon  of  starch  into  sugar, — an  essentially  chemical  change,  which  involves 
the  h'benUion  of  a  large  quantity  of  carbonic  and  of  some  acetic  acid.  As 
all  acids  are  negative,  the  seed,  in  rejecting  them,  may  itself  be  regarded  as 
in  a  ne^ively-electric  condition  ;  and  accordingly  it  is  found  that  the 
process  of  genniuation  may  be  quickened  by  connection  of  the  seed  with 
the  negative  pole  of  a  feeble  galvanic  apparatus,  and  retarded  by  a  cor- 
responding proximity  with  tlie  positive. 

226.  With  regard  to  Animals,  also,  it  mav  be  stated,  generally,  that 
thotigfa  Electricity  seems  to  possess  a  pecnhar  relation  with  the  oi^nic 
processes,  and  to  be  capable  of  exciting  cert^  of  the  animal  properries 
(sodi  as  muscular  contractiUty),  uo  very  definite  influeuce  seems  to  be  pro- 
duced by  its  external  application  upon  the  rital  functions  in  their  totality. 
Many  tribes  of  animals  appear  to  be  peculiarly  affected  by  changes  in  the 
riectric  coodttion  of  the  atmosphere  ;  and  almost  every  human  being  must 
be  in  aome  degree  cognisant  of  them  by  his  own  feelings.  It  will  be  only, 
however,  when  a  much  more  accurate  and  extended  series  of  observations 
ihaD  have  been  made  upon  meteorological  changes,  and  upon  the  contem- 
ponneaus  actions  of  both  vt^etable  and  animal  systems,  that  we  shall  have 
any  mesuis  of  forming  definite  conclusions  upon  this  very  perplexing  subject. 
TTic  destruction  of  Life  by  violent  electrical  shocks,  is  easily  accounted  for 
bv  the  disturbance  of  the  affinities  between  the  component  elements  of  the 
body,  and  the  consequent  immediate  abolition  of  the  vital  properties  of  the 

s  (especially  of  the  iiercout,  which  seems  most  affected  \i\  \\fls  fl,^B.Vi  -, 


and  this  may  take  place  without  any  ■pereeplible  change  of  structure.*  It 
is  a  well-known  fact,  that  the  hodies  of  animals  killed  hy  lightning,  or  by 
an  artificial  discharge,  pass  more  rapidly  into  putrefaction,  than  those  of 
which  life  has  been  destroyed  in  other  ways ;  and  it  has  heen  ascer- 
tained that  the  decomposition  of  flesh  already  dead  may  be  hastened  by 
electriiying  it. 


227.  Although  the  presmre  of  the  surrounding  medium  can  hardly  be 
regarded  in  the  hght  of  a  vital  stimulus,  yet  it  has  so  important  an  influ- 
ence on  the  ftinctions  of  life,  that  its  operation  must  not  be  overlooked. 
The  greater  number  of  air-breathing  animals  are  adapted  to  reside  on  the 
surface  of  the  earth,  subjected  to  the  usual  pressure  of  the  air.  Some, 
however,  are  habitually  tenants  of  the  higher  regions  of  the  atmosphere, 
and  are  constitutionally  adapted  to  a  greatly  dlnmiished  pressure.  It  is 
probable  tbat  Man,  possessing  as  he  does  in  so  remarkable  a  degree  the 
power  of  adaptation  to  external  circumstances,  could  support  life  under 
any  degree  of  rarity  of  the  atmosphere,  which  will  maintain  that  of  other 
vertebrated  animals  ;  but  the  rapid  change  from  the  ordinary  pressure  to 
one  far  less  in  amount,  is  usually  accompanied  in  him,  as  in  other  animals 
(§  675,  note),  with  more  or  less  disturbance  of  various  functions.  Some 
Birds,  however,  are  so  constructed  as  to  be  able  to  endure  such  sudden 
alterations  without  inconvenience  ;  thus,  the  stupendous  Condor  of  the 
Andes  has  been  seen  to  dart  from  one  of  the  highest  peaks  of  Pinchinch* 
to  the  very  brink  of  the  sea,  thus  traversing  ail  climates  in  a  few  seconils, 
from  a  barometric  pressure  of  12  inches  to  one  of  28,  What  has  been 
said  of  the  effects  of  change  in  the  degree  of  atmospheric  pressure,  equally 
applies  to  the  alterations  resulting  from  depth  of  immersion  in  water. 
The  superincumbent  weight  at  100  fathoms  will  be  twenty  times  the  pres- 
sure at  the  surface  ;  and  it  is  not  to  be  wondered  at,  therefore,  that  tie 
range  of  depth  at  which  each  species  naturally  exists,  should  be  limited ; 
but  it  is  rather  a  source  of  astonishment  that  any  should  be  capable  of 
passing  through  so  great  an  extent  as  facts  show  to  be  possible,  "f 

*  Iq  a  thuDder-storm  which  iook  place  in  London  in  1839,  the  vitality  nf  a  latge  pro- 
pottion  of  the  eggs,  vhich  were  being  artiSciflllj'  incubated  in  a  machine  for  the  purpoK, 
was  destroyed.  On  examination  the  jolk-bag  was  faund  to  have  burst  in  the  more 
advanced-,  and  the  Tesscla  of  the  vaacular  area  (§  374)  were  perceived  to  have  been 
ruptured  in  those  at  an  earlier  elnge. 

f  'I'hc  whale,  when  harpooned  or  puiBued  by  its  enemies,  dives  to  an  innnenee  deptli. 
In  Bome  inbtanees  1000  fethome  of  line  have  been  given  out  almost  perpendieularly.  If 
attacked  by  a  Bwoid-fish,  ho  thus  acapes  from  his  purauet ;  far  the  Utter  ia  unable  to  beu 
sogreatadepth.ani!  waits  at  the  suriacefor  the  rise  of  the  whale  to  breathe.  The  toon- 
Bier  IB  generally  bo  disordered  by  the  unnatural  condition  in  which  he  bag  been  placed, 
that,  when  he  cornea  within  the  reach  of  hia  enemies,  he  is  easily  despatched  by  them.  I" 
cases  where,  from  the  entajiglement  of  the  line,  the  whale  has  carried  down  a  host  wit* 
him,  the  wood  haa  been  found,  ou  his  bringing  it  again  to  Ihc  surface,  so  much  « 
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There  U  another  cousidcration  relative  to  the  nature  of  the  sur- 
iding  mediam  which  moat  not  be  overlooked.     The  saltness  of  sea 
Lter  appeiTs  to  act  as  a  necessary  stimulus  to  the  vitality  of  the  animals 
'Hied  to  inhabit  it,  and  to  be  injurious  to  those  which  are  accustomed  to 
contact  of  the  ])ure  element.     Dr.  Fleming  has  remarked  that,  when  a 
It-water  Fish  is  put  into  fresh  water,  its  motions  speedily  become  iire- 
its  respiration  appears  to  be  affected,  and,  unless  released,  it  soon 
and  that  the  same  consequenees  follow,  when  a  freah-water  fish  is 
suddenly  immersed  in  sea-water.     This  is  not  the  case  with  all  fish,  liow- 
many  which,  like  the  salmon,  migrate  periodically 
m,  and  return  again.      Moreover  a  cod  will  not  only 
fresh  water,  if  properly  fed  ;   and  fresh-water  trout, 
a  healthy  state,  have  been  taken  in  the  sea.     In  these  cases  the  change 
probably  effected  gradually.*     Again,  there  are  various  littoral  Mol- 
ksea  which  fis  themselves  to  rocks  at  the  mouths  of  rivers,  in  such  a 
sition  that,  according  to  the  slate  of  the  tide,  they  will  be  immersed  in 
itirely  fresh,  or  entirely  salt,  or  in  a  uibcturc  of  both  ;    and  many 
nf  the  pnrely  marine  species  may  be  naturalised,  like  fishes,  to  a  fresh- 
water existence,  if  the  change  be  effected  gradually. 
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CHAPTER  in. 

ON   THE    LAWS   OF   ORGANIC    DEVELOPMENT. 

229.  There  are  few  things  more  interesting  to  those  who  feel  pleasure 
.  watching  the  extraordinary  advancement  of  almost  every  department 

sef  knowledge  at  the  present  time,  than  the  rapid  progress  of  philosophical 
ces,  which  have  hitherto  been  too  much  confined  to  mere 

sbaervation.     The  laws  of  Life  were  long  considered  beyond  the  reach  of 

penelraled  with  fluid,  us  to  be  no  longer  buoyant.     "  It  muj  suist  our  compivlien- 

Om,"  nji  Capl.  Scoreaby,  "  of  the  cnormoui  load  the  whnlc  endures  when  it  descends  to 

lltt  depth  of  800  fathoins,  to  be  infonnedtbattlie  preaure  of  the  water  on  his  body  must 

exceed  the  weight  of  siity  of  the  hirgfst  ships  of  the  British  Navy,  when 

oed,  proiiainned,  and  fitted  nut  for  a  aii  months'  cruise." 

The  AnthoT's  very  intelligent  &iend,  Mr.  S.  Stulchbury,  the  Curator  of  the  BriBt«[ 
lutitntion,  tins  informed  him  that,  in  some  of  the  South  Sea  Islands,  it  is  a  common 
practice  of  the  natives,  at  the  season  when  fish  are  most  abundant,  to  drive  them  tronvthe 
some  of  the  long  aarron  inlets  which  abound  on  their  coasts;  and  then,  after 
Moiring  the  entrance  by  a  bank  of  stones,  to  turn  a  rivulet  into  this  seini-artifidal  reser- 
to  maintain  a  continual  cufrent  of  water,  and  thus  to  preserve  for  the  tables  of 
Uie  chieft  a  supply  offish  when  il  would  otherwise  be  out  of  season.  Id  this  case,  also, 
Iho  change  tiom  salt  to  fresh  water  will  of  course  be  gradually  effected,  and,  in  feet,  witt 
be  quite  complete,  as  the  rcservoLr  stilt  possesses  a  slight  communication  with  the 
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human  investigation,  and  the  mind  shrunk  from  attempting  to  analj 
the  varioua  phenomena  which,  though  constantly  under  observation, 
be  reduced  to  their  simplest  form,  before  any  inductive  reasoning  can  b( 
founded  upon  them.  It  is  recorded,  liowever,  of  Nenton  that,  whilst 
contemplating  the  simphcity  and  harmony  of  the  laws  by  wliich  the 
universe  is  governed,  as  manifested  in  the  relations  which  his  gigantic 
mind  developed  between  the  distant  and  appartntly  unconnected  masses 
of  the  planetary  system,  his  thoughts  glanced  towards  the  organised 
creation  ;  and  reflecting  that  the  wonderlul  structure  and  arrangenu 
which  they  exhibit,  present  in  no  less  a  degree  the  indications  of 
order  and  perfection  which  can  result  trom  Omnipotence  alone,  he 
marked,  "  I  cannot  doubt  that  the  structure  ot  animals  is  governed 
principles  of  similar  uniformity."  ("  Idemque  dici  possit  de  uiiifonnilate 
ilia,  quEB  est  in  corjioribus  aniraahum.")  "Why,"  asks  Ciivier  in  his 
eloquent  discourse  on  the  revolutions  of  the  globe,  "  should  not  Natural 
History  some  day  have  its  Newton?"  Although  the  labours  of  the 
Naturalist  and  Comparative  Anatomist  have  not  yet  established  laws  of 
the  highest  degree  of  generality, — the  discovery  of  which  may  perhaps  be 
reserved  for  another  Newton, — many  subordinate  principles  have  been 
based  ou  a  sohd  foundation  ;  and  many  more,  which  were  at  first  doubtfiil, 
are  daily  receiving  fresh  confirmation.  Several  of  these  laws  are  alike 
important  from  their  extensive  range,  and  interesting  from  the  unexpected 
nature  of  the  results  to  which  they  frequently  lead ;  and  though  their 
application  may  sometimes  appear  forced,  and  ineonsistent  vrith  the  usual 
simphcity  of  nature,  further  investigation  will  generally  show  that  the 
difficulty  is  more  apparent  than  real  (frequently  arising  solely  from  our 
own  prejudices),  and  that  it  is  in  many  cases  the  result  of  that  combination 
of  unity  and  variety,  by  which  is  produced  the  endless  diversity  united  with 
harmony  of  forms,  so  remarkable  in  the  animated  world. 

230.  In  comparing  phenomena  of  any  kind,  for  the  purpose  of  arriving 
at  a  law  common  to  them  all,  it  is  necessary  to  feel  certain  that  they  are 
of  a  similar  character.  Indeed  the  sagacity  of  the  pliilosopher  ia  often 
more  displayed,  in  his  discovery  of  that  similarity  amongst  his  facts,  wliieh 
allows  of  their  being  compared  together,  than  in  the  inferences  to  which 
such  comparison  leads  him.  The  brilliancy  of  Newton's  genius  was 
shown  in  the  perception  that  the  fall  of  a  stone  to  the  earth,  and  the 
motion  of  the  moon  around  it,  were  analogous  phenomena,  subject  to  the 
same  law ;  not  in  the  mere  deduction  of  the  nmnerical  law  from  the 
ratios  supplied  hy  those  facts.  In  the  sciences  which  have  Life  for  their 
subject,  the  dissimdarity  of  the  facts  which  are  made  the  object  of  com- 
parison, often  prevents  the  true  relation  between  them  from  being  readily 
detected.  Here  it  is  that  the  mental  training  which  the  previous  cultiva- 
tion of  Physical  science  affords,  becomes  peculiarly  valuable  to  the 
Physiologist.      "The  most  important  part  of  the  process  of  Induction," 
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says  Professor  Powell^*  "  consists  in  seizing  upon  the  probable  connecting 
relation,  by  which  we  can  extend  what  we  observe  in  a  few  cases  to  all. 
In  proportion  to  the  justness  of  this  assumption,  and  the  correctness  of 
our  judgment  in  tracing  and  adopting  it,  will  the  induction  be  successful. 
The  analogies  to  be  pursued  must  be  those  suggested  from  already-ascer- 
tained laws  and  relations.  This,  in  proportion  to  the  extent  of  the 
inquirer's  previous  knowledge  of  such  relations  subsisting  in  other  parts 
of  nature,  will  be  his  means  of  guidance  to  a  correct  train  of  inference  in 
that  before  him.  And  he  who  has,  even  to  a  limited  extent,  been  led  to 
observe  the  connection  between  one  class  of  physical  truths  and  another, 
vnll  almost  unconsciously  acquire  a  tendency  to  perceive  such  relations 
among  the  facts  continually  presented  to  him.  And  the  more  extensive 
his  acquaintance  with  Nature,  the  more  firmly  is  he  impressed  with  the 
beHef  that  some  such  relation  must  subsist  in  all  cases,  however  limited  a 
portion  of  it  he  may  be  able  actually  to  trace.  And  it  is  by  the  exercise 
of  unusual  skill  in  this  way,  that  the  greatest  philosophers  have  been  able 
to  achieve  their  triumphs  in  the  reduction  of  facts  imder  the  dominion 
of  general  laws." 

231.  If,  as  was  formerly  stated  (§  3),  the  true  objects  of  Physiological 
investigation  are  only  now  beginning  to  be  understood,  it  is  no  less  certain 
that  the  true  mode  of  pursuing  them  has  not  long  been  followed.  From 
the  time  of  Aristotle  downwards  to  the  commencement  of  the  present 
century.  Anatomists  have  been  in  the  habit  of  regarding  similarity  of 
external  form,  and  of  evident  purpose,  as  indicating  the  analogies  between 
different  parts.  Now  this  mode  of  estimating  the  character  of  organs  is 
perfectly  correct  when  they  are  considered  as  instrumental  structures  ;  that 
is,  when  we  are  enquiring  into  the  conditions  of  the  fimction  performed 
by  them.  But  it  totally  fails,  when  we  are  examining  into  the  laws  of 
development  which  regulate  the  conformation  of  the  organs ;  since  it  is 
frequently  foimd  that  two  structures,  which  are  not  dissimilar  in  external 
form,  and  have  corresponding  functions  in  the  system,  originate  from 
sources  entirely  different. 

232.  If,  for  example,  we  take  a  cursory  glance  at  the  organs  of  support 
or  motion  in  the  air  with  which  different  Animals  are  furnished,  we  shall 
observe  a  community  of  function,  and  a  general  similarity  of  external 
form,  concealing  a  total  diversity  of  internal  structure  and  of  essential 
character.  Amongst  all  the  classes  which  are  adapted  for  atmospheric 
respiration,  we  encounter  groups  of  greater  or  less  extent,  in  which  the 
resistance  of  this  element  becomes  the  principal  means  of  progression ; 
and  even  among  aquatic  animals,  there  are  many  instances  in  which 
the  function  of  locomotion  is  partly  dependent  upon  the  same  agent. 
Wherever  true  wings  exist  among  the  Vertebrata,  some  modification  of 
the  anterior   member  serves  as  their  basis ;   but  there   is   considerable 

•  Connection  of  Natural  and  Divine  Truth,  p.  33. 


variety  in  the  mode  in  whith  the  apparatus  is  constructed.  Tims,  in 
the  Bat,  the  required  area  for  the  surface  of  the  wing  is  formed  by  an 
extension  of  the  skin  orer  a  system  of  hones,  of  which  those  of  the  hand 
form  a  Tery  lai^e  part ;  and  this  membrane  is  extended  also  from  the 
posterior  extremity,  and  is  attached  to  the  whole  length  of  the  trunk,  as  well 
as  to  the  tail  where  one  exists.  In  the  Bird,  on  the  contrary,  the  wing 
is  formed  by  the  skin  and  its  appendages  (§  42)  attached  to  the  anterior 
member  alone ;  and  here  the  bones  of  the  hand  are  developed  in  a  com- 
paratively slight  degree,  those  of  the  arm  and  fore-arm  being  the  principal 
support  of  the  structure.  From  what  is  preserved  of  the  Pterodactyl«s, 
it  seems  that  the  wing  of  this  extraordinary  animal  was  extended,  not 
over  the  whole  member,  as  in  the  Bird, — nor  over  the  hand,  as  in  the 
Batj^but  over  one  of  the  fingers  only,  which  was  immensely  elongated 
in  proportion  to  the  rest.  In  the  Flying-fish,  again,  the  pectoral  tins  may 
be  regarded  as,  in  some  sort,  its  wings ;  though  it  does  not  appear  that  the 
animal  has  the  power  of  raising  itself  by  means  of  their  action  on  the  air, 
the  impulse  being  given  at  the  moment  of  quitting  the  water.  These  fins 
are  distinctly  analogous  to  the  anterior  members  of  higher  Vertebrata ;  but 
the  bones  of  the  arm  aiid  fore-arm  are  scarcely  developed,  while  the  hand 
ia  expanded,  and  joined  immediately,  as  it  were,  to  the  trunk. 

233.  A  very  different  structure  prevails  among  those  imperfect  wings, 
which  serve  rather  to  support  the  animals  which  possess  them,  in  their 
movements  through  the  air,  than  to  propel  them  in  that  medium.  Thus, 
in  the  Flying  Squirrels,  Flying  Lemurs,  and  Phalangers  or  Flying  Opos- 
sums, there  is  an  extension  of  the  skin  between  the  fore  and  hind  legs, 
which,  by  actmg  as  a  parachute,  enables  the  animals  to  descend  with 
safety  from  considerable  heights.  In  the  Draco  Volans,  on  the  other 
hand,  the  wings  are  affixed  to  the  sides  of  the  back,  being  supported  by 
prolongations  of  the  ribs,  and  are  quite  independent  of  the  extremities. 
Here  we  have  still  the  same  function  and  general  form ;  bnt  it  would 
eridently  be  absurd  to  say  that  the  organs  are  of  the  same  structural 
character.  Among  the  Invertebrated  classes,  there  is  still  greater  variety 
in  the  construction  of  the  organs,  which  make  use  of  the  resistance  or 
impelling  power  of  the  air  as  a  means  of  locomotion.  Details  on  this 
subject  have  already  been  given  in  various  sections  of  the  Introduction ; 
bnt  in  addition  to  what  was  there  stated  in  regard  to  one  of  the  most 
remarkable  kinds  of  propelling  organs  met  with  in  these  classes, — the 
wings  of  Insects, — it  may  be  here  mentioned  that  there  now  seems  ade- 
qnate  reason  to  consider  them  as  appendages  to  the  respiratory  system.* 

*  That  they  bear  no  real  anBlogy  to  the  wings  of  Vertebrata,  would  appear  alniaet  ^el^ 
evident,  when  their  structure  is  compared ;  and  yet  there  are  Entomologiits  who  have 
maintiuDed  that  the  wing  of  an  Insect  is  u  ciodilicution  of  its  1(£.  A  very  little  attention 
to  the  relative  positions  of  these  parts  and  the  history  or  their  doielopmunt,  will  diqiniTc 
thin  doctrine  i  whilst  the  true  nature  ol  the  wing  will  he  slntcd  in  its  proper  place  (g  AB^). 


.   These  instances  will  show  the  caution  wliich  must  be  exercised  in 
reiding  upon  analogies  between  organs,  from  correspondence  in  external 
■|bnn  and  function  merely.     Many  similar  ones  might  readily  be  adduced 

■  from  the  Animal  kingdom  ;  but  the  Vegetable  world  affords  them  in  even 
I  jjreater  abundance.     To  take  a  very  simple  case  ; — the  tendril  is  an  organ 

■  dercloped  to  serve  a  particular  purpose,  that  of  supporting  the  plant  by 
'         e  neighbouring  pro|i ;   hut  this  varies  much  iu  its  real 

l«haracter,  being  in  the  Vine  a  transformation  of  the  peduncle  or  flower- 

'  stalk,  in  the  Pea  a  prolongation  of  the  petiole  or  leaf-stalk,  in  Gloriosa  the 

point  of  the  leaf  itself,  whilst  in  the  singidar  genus  Strophanthns,  it  is 

actually  the  point  of  the  petal  wliich  becomes  a  tendril  and  twines  round 

other  parts. 

235.  In  all  these  instances  we  might  with  perfect  justice  found  any 
enquiries  regarding  the  frntction  of  the  organs  respectively  compared,  upon 
their  eittemal  analogy.  For  example,  we  might  estimate  the  rapidity  with 
which  Birds,  Bats,  and  Insects  could  be  propelled  through  the  air,  by 
ascertaining  the  superficial  extent  of  their  wings,  and  the  force  and  rapidity 
with  which  these  are  moved ;  although,  as  just  shown,  the  wings  are 
really  formed  upon  a  different  plan  in  each  case.  But  to  maintain  that 
the  same  laws  of  development  can  apply  to  them,  is  evidently  absurd. 
The  organs  are  not  analogous  in  this  respect ;  and  no  comparison  can  be 
erected  between  them.  Although  in  each  case  the  extent  of  surface  ia 
given  by  an  expansion  of  the  general  integument,  that  expansion  is  sup- 
ported in  the  Bat  and  Bird  by  one  part  of  the  osseous  system ;  in  the 
Draco  Volans  by  another  ;  and  in  the  Insect  by  prolongations  of  the 
respiratory  apparatus.  A  different  plan  must,  then,  be  adopted,  if  we 
desire  to  attain  the  laws  regulating  the  ftructure  of  organs.  The  Anato- 
mist first  considers  their  internal  conformation,  and  examines  into  the 


Anj  one  who  coroparoa  the  ikalelonof  the  wing  of  a  Bator  Bird  with  that  of  the  fore-leg 
ata  terrcBtrial  quudruped,  will  see  an  obTioua  analogy  in  the  essential  puts  of  which  each 
B  conipo»ed,  every  bone  which  exists  in  one  being  discoverable  (though  not  always  in  a 
■qniste  fbnn)  in  the  other;  whilst  few  unprejudiced  persons  could  trace,  in  Iheminutely- 
r»niified  nerves  which  support  an  Insoct's  wing,  itny  resemblance  to  one  of  jla  aimply- 
anioulaled  members.  The  segments  which  form  the  body  of  a  caterpillar  never  poBsem 
more  than  one  pair  of  legs  on  each  ;  but  towards  the  latter  period  of  their  Larva  condi- 
tion, tbe  rudiments  of  the  wings  may  be  detected  hencoth  the  skin,  and  these  become 
more  evident  in  the  Pupa.  When  the  perfect  Insect  emerges,  it  is  found  chat  only  three 
pun  of  legs  areretuned  by  it,  these  lieing  attached  lo  the  (bree  segments  of  the  thorax, 
whilst  the  nine  segmenls  of  the  abdomen  have  lost  all  trace  of  members.  It  b  to  the 
second  and  third  segments  of  the  thorax  that  the  wings  also  are  attached.  Now  if  these 
dings  liad  taken  the  place  of  the  legs  which  disappeur  during  the  metamorphosis,  there 
might  have  been  some  ground  for  regarding  them  as  analogous  organs ;  but  if  their  jwifion 
be  fkirlj  consideTed,  a  resemblance  which  is  at  best  so  obscure  must  be  abandoned.  On 
attending  to  their  evolution  also,  it  is  found  that  in  their  early  condition  they  evidently 
fiirm  port  of  the  respiratory  system,  and  are  developed  at  the  same  rate  with  it,  being  only 
■  ftilly  expanded  at  last,  aOer  their  tubes  have  been  forcibly  distended  with  air  (§  4G2) ;  aud 
n  some  aquatic  inseclji,  they  ixetunlly  serve  as  gills  during  the  larva  stale. 


element*  of  which  they  are  composed.  In  the  cases  just  alluded  to,  he 
would  find  these  tiements  nearly  the  same  in  the  winga  of  the  Bat  anil 
Bird, — consisting  of  the  bones,  muscles,  &c.  of  the  superior  extremity ; 
whilst  he  would  discoTer  nothing  corresponding  with  these  in  the  Insect, 
the  nerves  of  whose  wings  are  composed  of  trachete  and  vessels.  He  will 
then  trace  their  connections ,-  and  he  will  thus  gain  a  clearer  insight  inlu 
the  nature  of  the  respective  parts.  It  is  a  principle  of  very  extensive 
application,  that  similar  parts  are  connected  with  similar  parts,  in  different 
Animals  of  the  same  type.  Thus,  wc  never  find  a  hand  or  foot  springing 
directly  from  the  spinal  column  of  Vertehrata ;  but  always  through  tlie 
medimn  of  other  bones,  which,  however  different  their  shape,  are  never 
wanting.  Tins  principle,  as  we  shall  presently  see,  may  be  applied  pretty 
rigorously  within  the  Hmits  of  each  principal  tyjie  of  structure  ;  and 
application  of  it  often  assists  the  Anatomist  in  ascertaining  the  real 
racter  of  an  organ.  He  will  thus  see  that  the  principal  bones  suppoi 
the  wing  of  the  Bat  are  those  of  the  hand ;  whilst  in  the  Bird  they 
those  of  the  arm.  Another  important  means  of  discovering  the  stmctniall 
character  of  organs  is  the  study  of  their  detelopmait ;  and  this,  if  carefully 
pursued,  wiH  scarcely  ever  fail  to  clear  up  whatever  doubts  may  be  left  by 
other  modes  of  investigatiou.  It  is  in  this  manner  that  we  obtain  the  best 
evidence  that  the  Wings  of  Insects  arc  developed  from  the  Respiratory 
system  (§  465). 

236.  We  may  have  recourse  to  the  Respiratory  system  for  another 
stance,  which  will  set  the  difference  between  fwctioaal  and  ttractural 
logy  in  a  clear  point  of  view.  An  uninstructed  observer  would  scarcely 
perceive  any  resemblance  between  the  gills  of  a  Fish  and  the  lungs  of  a 
Quadruped,  or  between  the  elegant  tufts  on  the  body  of  a  Sand-wonn,  and 
the  air  tubes  romifying  through  the  structure  of  an  Insect  j  and  those  who 
are  in  the  habit  of  forming  exclusive  notions  upon  a  hasty  survey,  might 
be  led  to  clen>  that  any  real  analogy  could  exist.  When  the  character  of 
the  function  is  investigated,  however,  with  the  structure  it  requires  for  its 
pirformanet  it  becomes  evident  that,  in  order  to  bring  the  circulating  fluid 
into  the  due  rtlation  with  the  atmosphere,  all  that  is  needed  is  a  membrane 
which  shall  be  in  contact  with  the  air  on  one  side,  and  with  the  fluid  on 
the  other.  And  this  key,  applied  to  the  examination  of  all  the  forms  of 
respiratory  apparatus  which  esist  in  the  Animal  kingdom,  shows  that  they 
all  possess  the  same  essential  character  as  instrumental  structures,  and  that 
their  mollifications  in  particular  instances  (which  will  hereafter  he  specially 
described,  chap,  ix,}  are  only  to  adapt  them  to  the  conditions  of  the 
structure  at  large.  There  is  therefore,  fknctionally  considered,  a  Unity 
of  Composition  amongst  all  these  organs ;  although  they  are  not  all  really 
analogous  to  one  another  in  structural  character.  Thus,  the  gills  of  the 
Fish,  and  the  branchial  tufts  of  the  Sand-worm,  are  prolongations  of  tlie 
external  surface ;  whilst  the  lungs  of  air-brcatliing  Animals  are  derived 
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im  the  internal  reflexion  wliich  forma  the  alimentary  tube.  In  the  class 
.mphibia,  both  seta  of  organs  are  present ;  and  their  difference  of  charac- 
ter is  most  apparent,  whilst  their  correspondence  as  uistniments  of  the 
'Same  functional  operations  is  equally  evident.  Now  in  the  air-bladder  of 
the  Fish,  we  have  an  apparently  anomaJons  organ  ;  the  only  known  use  of 
'Vhich  is  to  assist  in  locomotion.  What  is  its  real  character?  It  will 
iercafter  appear,  from  a  comparison  of  its  most  developed  forms  with  the 
simplest  pulmonary  saes  of  Amphibia,  that  it  is  to  be  regarded  as  a  rudi- 
mentary lung  (§  473)  ;  and  the  study  of  its  development  leads  to  the  same 
conclnsion.  Here,  then,  ne  have  a  structural  analogy,  affording  a  very 
interesting  addition  to  the  collection  of  instances  upon  wliich  the  laws  of 
development  are  based,  and  nevertheless  totally  valueless  as  regards  the 
■laws  of  the  respiratory  function.  It  would  be  easy  to  adduce  parallel  es- 
lamples  from  the  Vegetable  kingdom,  where  organs  which  eorresjiond  in 
'structure,  connections,  and  development,  are  observed  to  assume  the  moat 
Tailed  forms,  and  to  perform  the  most  different  functions  ;  but  these  illus- 
trations must  at  present  suffice, 

237.  Much  controversy  has  taken  place  amoug  Physiologists,  in  regard 
to  the  general  laws  fonnded  on  the  study  of  analogies.  This  has  been  chiefly 
due  to  a  neglect  of  the  difference  just  pointed  out,  between  Junctional 
and  »iruetural  correspondence.  The  important  general  law,  designated 
as  that  of  Unitij  of  Compnsititin,  is  appheahle  to  both,  as  will  presently 
appear.  By  some,  however,  who  have  passed  by  fimctional  analogy  alto- 
gether, it  has  been  stated  in  a  form  which  facts  by  no  means  warrant ; 
these  Physiologists  maintaining  that  the  same  elementary  parts  exist  in 
all  Animals,  and  that  the  only  difference  between  the  various  classes  is  in 
the  respective  development  of  these  parts.  This  is  by  no  means  true,  in 
regard  to  the  locomotive  and  sensory  organs;  and  it  has  only  a  very  gene- 
ral appUcotion  to  any  other  structures,  when  they  are  compared  through 
the  whole  Animal  Scale.  But  in  a  more  restricted  form  it  may  he  cor- 
rectly upheld ;  and  its  application  is  then  very  striking.  If  we  separately 
consider  the  four  great  divisions  of  the  Auimal  Kingdom,  we  observe  that 
the  classes  forming  each  agree  in  certain  leading  characters ;  and  that 
their  differences  among  each  other  are  not  produced  by  alterations  in  the 
general  plan  of  structure,  but  by  variations  in  the  proportionate  develop- 
ment of  parts  which  are  present  under  some  form  in  all,  at  some  period  of 
their  existence.  Thus,  it  would  be  easy  to  show  that  the  skeleton  of  a 
Fish  is  formed  of  the  same  parts  as  that  of  a  Bird  or  Quadruped ;  though 
the  form  of  each  individual  bone  may  be  tiitally  dissimilar  in  the  two  eases. 
Agtun,  we  have  seen  that  the  lung  of  the  air-breathing  Vertebrata  exists 
in  a  rndimentary  condition  in  Fishes  ;  whilst  the  rudiments  of  a  branchial 
apparatus  are  found  in  the  embryos  of  the  higher  classes  (^  4S3).  Among 
the  Articulata,  moreover,  the  same  general  correspondence  may  be  traced  ; 
[bat  the  classes  of  this  division  will  not  admit  of  being  comjiared  witli  those 


of  Vertebrata.  In  the  flowers  of  Pbanerogamia  again,  a  certain  number  of 
different  organs  may  fairly  be  regarded  as  universally  present,  either  in  a 
developed  or  rudiyneutary  condition  ;  and,  if  apparently  absent,  they  may 
frequently  be  caused  to  appear  by  cultiyation.  Tims,  there  are  many 
plants  which  bear  stamens  only  in  one  set  of  flowers,  and  pistils  in  ano- 
ther; and  these  may  be  caused  to  produce  flowers  entirely  perfect,  by  sup- 
plying nonrisbment  enough  to  derelope  the  mdimentarj'  ot^ns.  From 
making  such  comjiarisons,  we  arrive  at  the  important  tnith  that,  where 
any  new  fimction,  or  great  modification  of  function,  is  to  be  performed,  no 
entirely  new  structure  is  evolved  for  the  purpose  ;^the  end  being  always 
attained  by  a  corresponding  modification  in  some  structure  already  present. 
Thus,  the  proboscis  of  the  Elephant  is  but  an  extended  nose ;  and  the  long 
neck  of  the  Giraffe  contains  no  more  vertebrre  than  the  almost  impercepti- 
ble one  of  the  Whale.  Where  a  plant  requires  the  means  of  retaining 
fluid  for  absorption,  a  pitcher  is  provided  by  the  metamorphosis  of  the 
leaf,  and  not  added  as  a  new  organ  (^  281).  ^- 

238.  It  may,  then,  be  fairly  stated  that,  in  all  the  great  divisions,  lx)dtfl 
of  the  Animal  and  Vegetable  Kingdoms,  there  is  a  fiuidamental  correspou-  j 
dence  between  the  different  organs  presented  in  their  respective  sub-divi- 
sions; and  that  these  organs  are  connected  together  in  a  certain  definite 
arrangement,  which  is  not  varied,  however  great  may  be  the  alteration  in 
the  form  of  individual  parts,  or  of  the  whole  structure.  As  it  has  I 
well  expressed  by  Dr.  Roget,*  "in  constructing  each  of  these  divisica 
Nature  appears  to  have  kept  in  view  a  certain  definite  type  or  standard,  b 
which,  amidst  innumerable  modifications,  rendered  necessary  by  the  vary- 
ing circumstances  and  different  destinations  of  each  species,  she  alwaj's 
shows  a  decided  tendency  to  conform.  It  would  almost  seem  as  if,  in  lay- 
ing the  foundations  of  each  organised  fabric,  she  had  commenced  by  taking 
an  exact  copy  of  this  primitive  model ;  and,  in  building  the  superstructure, 
had  allowed  herself  to  depart  from  the  original  plan,  only  for  the  purpose 
of  accommodation  to  certain  specific  and  ulterior  objects,  conformably  with 
the  destination  of  that  particular  race  of  created  beings."  This  law  of 
Unity  of  Cwnposilio)i,  however,  cannot  be  made  to  apply  to  every  instance. 
It  is  liable  to  be  modified  by  another  principle,  which  occasions  a  tendency 
among  some  members  even  of  different  primary  divisions,  to  approach  one 
another ;  and  leads  to  the  production  in  them  of  organs  which  are  not  else- 
where found  in  their  own  division,  but  are  characteristic  of  the  one  to 
which  they  are  in  approximation.  Thus,  we  find  in  the  Cuttle-fish,  the 
most  organised  of  all  the  Mollusca,  the  rudiment  of  an  internal  skeleton 
for  the  protection  of  the  nervous  system,  such  as  is  characteristic  of  Ver- 
tebrata ;  whilst  the  external  shell  usually  found  in  Molluscs  is  scarcely 
developed.  On  the  other  hand,  we  observe  that,  in  the  lowest  Fishes,  the 
vertebral  column  loses  its  characteristic  jointed  structure,  and  becomes  ■ 
■  Bridgwater  Treaties,  vol.  u.  p.  627, 


■ample  cartilaginous  tube ;  and,  at  the  same  time,  there  is  a  very  low  deve- 
;nt  of  those  sensory  organs,  the  possession  of  which  is  a  leading  fea- 
n  the  Vertebrated  classes  in  general.  Other  instances  of  this  approsi- 
lative  tendency  might  be  adduced,  especially  among  the  lower  classes  of 
li  scale,  where  it  is  most  evident ;  it  is  sufficient,  however,  tn  refer  to 
e  structure  of  the  Holothuria  and  Sipmcu/un  (§  US),  and  to  that  of  the 

I'CtRRHOPOOA  in  general  (§  125),  as  evident  illustrations  of  it. 

239.  It  has  been  stated  that  the  os.seous  skeleton  of  Vertehrata  under- 

'  goes  various  modifications  in  the  different  classes,  without  its  original 
^pe  being  obscured.  It  may  be  well,  by  way  of  furtJier  exemplifying 
tiie  law  of  Unity  of  Composition,  to  pursue  this  statement  a  little  more 
into  detail.  Tlie  skeleton  essentially  consists  of  a  jointed  column  of  bones 
enclosing  the  nervous  system,  with  which  certain  appendages  are  connected 
for  various  purposes.  The  different  parts  of  tlds  column  appear,  in  the 
highest  classes,  very  dissimilar  to  one  another ;  thus,  the  bones  of  the 
skull  have  no  apparent  resemblance  to  the  vertebne  of  the  hack  ;  and  these 
seem  but  very  imperfectly  represented  in  the  joiuls  of  the  tail.  Further 
examination,  however,  will  show  that  the  skull  is  but  an  expansion  of  the 
three  highest  vertebrte,  modified  to  afford  space  for  the  developraent  of  the 
contained  brain,  and  of  the  organs  of  sense  ;  and,  however  strange  such  a 
statement  may  appear  to  those  who  are  only  acquainted  with  the  cranium 
of  Man,  the  fact  is  evident  where  the  brain  is  little  developed,  as  in  the 
lower  Reptiles  and  Fishes.  On  the  other  hand,  if  the  connection  of  the  tail 
with  the  spinal  column  be  traced,  it  will  be  observed  that  the  parts  of  the 
vertebrce  gradually  become  consolidated,  and  lost,  as  it  were,  in  the  central 
clement ;  and  that,  iu  many  instances,  a  different  form  and  aspect  are 
given  by  the  union  of  several  joints  into  one  piece,  as  in  the  human  sacnim 
ind  coccyx.  The  vertebrBc  of  a  Bird  and  of  a  Fish,  moreover,  are  very  dif- 
ferent in  shape,  and  apparently  so  in  number  and  connection  of  parts ;  but  a 
more  extended  comparison  wUl  show  that  the  same  elements,  connected 
ti^ther  on  the  same  plan,  exist  in  each  case ;  and  that  the  diiference  is 
only  in  their  degree  of  consolidation.  Among  the  variously-formed  appen- 
dages to  the  spinal  column  in  the  different  classes,  the  same  elementary 
parts  may  be  traced,  varying,  as  before,  in  their  relative  development,  and 
in  their  degree  of  consolidation.  In  making  such  comparisons,  it  is  moat 
important  to  consider  the  iiiteriuedmte  fornts ;  by  duly  searching  for 
which,  we  shall  often  be  enabled  to  reduce  structures  apparently  most  dis- 
Bimilar  to  the  common  type.  In  this  manuer  it  may  be  shown  that  the 
bones  of  all  the  anterior  and  posterior  extremities  of  Vertebrated  Animals, 
consist  of  the  same  elementary  parts,  however  various  may  be  their  form, 
and  the  externa!  aspect  of  the  organs  to  whose  support  they  are  adapted. 
Even  where  no  members  appear,  as  in  Serpents,  some  rudiments  may  be 
generally  traced,  although  totally  inapplicable  to  the  purpose  of  locomotion, 
as  in  the  Slow-worm,  or  even  being  subservient  to  a  different  purpose,  as 


in  the  Boa,  In  Tnaking  comparisons  of  this  kind,  it  is  evidentlj  ncccssaiy 
to  leave  Junction  altogether  out  of  view.  We  have  already  had  a  similar 
illustration  in  the  case  of  the  air-bladder  of  Fishes.  But  the  necessity 
is  still  greater,  when  we  compare  organs  which  are  evidently  adapted  to 
some  purpose,  with  others  which  are  so  completely  rudimentary,  as  uot  to 
be  capable  of  performing  any  function.  Their  presence,  however,  oi^n 
aifords  the  most  uiteresting  confirmation  of  the  taws  of  Unity  of  Composi- 
tion ;  and  their  connections  and  mode  of  devclopmeat  can  seldom  leave  us 
in  douht  as  to  their  real  analogy.  Thus,  the  rudiments  of  teeth,  which  are 
never  developed,  and  which,  at  a  later  period,  cannot  he  detected,  are 
found  in  the  embryo  of  the  Whale,  and  during  the  development  of  tlie 
jaws  of  many  Birds;  and  it  has  lately  been  shown*  that  the  rudiments  of 
canine  and  superior  incisor  teeth,  which  are  not  subsequently  deveIo|)f4i, 
exist  in  the  embryos  of  Ruminating  animals.  In  the  abdominal  mitseks 
of  Mammalia,  again,  arc  found  white  cartilaginous  lines,  indicating  the  situ- 
ation of  the  abdominal  sternum  and  ribs  of  the  Lizards,  of  wliieb  tliese 
lines  are  the  representation ;  still  it  is  not  impossible  that  they  may  serve 
the  purpose  which  has  been  attributed  to  them — that  of  preventing  the 
contraction  of  the  whole  length  of  those  muscles  into  a  knot,  which  n 
press  injurionaly  on  the  viscera. 

240.  It  is  scarcely  possible  to  conceive  any  higher  evidence  of  Creative^ 
Design  and  Power,  than  the  combination  of  unity  and  variety  which  is  thus 
exhibited.  Had  every  Uring  being  been  constructed  for  itself  alone,  with- 
out reference  to  its  fellows,  however  perfect  might  he  the  adaptation  of  its 
oi^ans  to  their  several  ends,  it  would  he  much  more  easy  to  conceive  this 
adaptation  to  be  the  eifect  of  chance.f  than  when  the  same  individual  per- 
fection is  produced  by  the  almost  infinite  variation  of  organs  fundamentally 
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*  Oondsir,  itt  Britiili  ABsacUlion,  183!) 
I  However  absurd  the  nBscrtion  laaj  te 


Athenffium  Report,  p.  GDI, 
\a\  to  those  who  have  not  consiilered  the  que*. 
:>uld  be  difticult  lo  prove  a.  Designing  Crestor. 
only  IroDi  individual  cases  of  adnptation  of  means  to  ends.  If  all  extraneouB  evi- 
dencc  that  each  race  hod  a  heginnms(euchas  that  afforded  by  Gcalogy,  aa  veil  as  llistof 
ICeve!ation)^wcrc  annihilated,  no  pToqf  could  be  adduced  that  they  have  not  bocn  t\n- 
nrill.v  repioducing  (hemselveB  bb  at  present.  And,  if  any  number  uf  lining  being)  had 
come  into  existence,  without  that  adaptation  to  their  conditions  of  existence  which  we 
observe  in  those  nnw  living,  they  would  long  ago  have  disappeared  from  the  surfkfe  of 
the  globe.  In  l^t,  it  has  been  trom  changes  in  the  external  conditioos  to  which  thij 
had  not  the  paver  of  confoiming,  that  many  races  have  become  extinct,  tt  rni^  be 
argued,  then,  that  the  casea  in  which  we  observe  this  adaptation  are  only  those  in  which 
it  chanced  to  exist,  out  of  a  much  larger  number  in  which  it  was  deficient ;  and,  how- 
ever improbable  such  a  supposition  may  be,  it  would  not  be  eBS7  to  prove  ila  imposaibiiUf. 
But  when  we  compari  the  means  employed  in  each  case,  and  witness  their  conformity  to 
one  comprehensive  plan,  and  trace  this  throughout  the  extinct  as  well  an  the  living  beings 
of  each  type,  no  mind,  capable  of  appreciating  the  value  of  cumulative  evidence,  can 
resist  Ihe  inference,  that  such  a  plan  eould  have  originated  no  wliere  but  in  InSnilc 
Wisdom,  and  could  have  been  executed  b.v  none  but  Infinite  Power. 
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ally  aradogous.  "  Art  and  means,"  says  Richard  Baxter,  "  are  designedly 
multiplied,  that  we  might  not  take  it  (the  order  of  creation)  for  the  effect 
of  chance ;  and  in  some  cases  the  method  itself  is  different,  that  we  might 
see  it  is  not  the  effect  of  surd  necessity."  And  in  the  same  excellent 
spirit  it  has  been  remarked  by  a  modem  writer,  that  "  a  certain  definite 
mode  of  being  is  generally  adapted  to  a  certain  definite  end.  But  no  abso- 
lute necessity  binds  the  means  to  the  end.  The  mode  generally  adopted 
may  be,  and  doubtless  is,  the  best ;  but  the  varieties  of  modes  adapted  to 
similar  conditions  demonstrate,  that  the  end  has  not  influenced  and  con- 
trolled the  contriving  and  adapting  power,  which  might  have  chosen  ano- 
ther mode,  and  which  does  thus  occasionally  adapt  widely  different  modes 
to  the  same  purposes."*  When  we  consider  the  various  organs  in  their 
functional  character,  we  shall  find  ihe  fundamental  unity  still  more  decided 
in  all  those  immediately  concerned  in  the  vital  functions,  however  varied 
may  be  their  conformation ;  and  it  need  scarcely  be  argued,  that  the  origi- 
nal employment  of  a  means,  which  should  be  capable  of  modification  so  as 
to  suit  every  end,  impUes  at  least  as  high  a  degree  of  Creative  Wisdom  and 
Power,  as  the  creation  of  new  means  in  particular  cases,  to  which  the  plan 
first  adopted  might  prove  inappUcable. 

241.  If  we  compare  the  organs  which  are  common  to  all  hving  beings. 
Plants  as  well  as  Animals,  in  their  functional  character,  we  shall  perceive 
amongst  them  a  more  general  analogy,  than  any  that  we  can  trace  by  the 
guidance  of  evident  structure  only.  The  simplest  Plant,  for  example,  differs 
from  the  most  complex,  principally  in  this, — that  the  whole  external  sur- 
face of  the  former  participates  equally  in  all  the  operations  which  connect 
it  with  the  external  world,  as  those  of  Absorption,  Exhalation,  and  Respira- 
tion,— ^whilst  in  the  latter  we  find  that  these  functions  are  respectively 
confined  to  certain  portions  of  the  surface.  Although,  therefore,  the  leaves 
and  roots  of  a  Vascular  plant  are  distinct  organs,  they  both  have  a  func- 
tional analogy  with  the  same  simple  membrane  of  the  lowest  species  of 
Cryptogamia.  Even  in  the  highest  Animals,  we  find  that  the  organs  spe- 
cially adapted  to  the  functions  of  Absorption,  Exhalation,  Respiration, 
Secretion,  and  Reproduction,  are  all  essentially  composed  of  a  membrane 
which  is  a  prolongation  of  the  external  surface,  as  may  be  proved  not  only 
by  its  continuity  with  it,  but  by  its  development  from  it  during  the  evolu- 
tion of  the  embryo.  The  particular  arrangement  of  these  organs  will  depend 
upon  the  circumstances  in  which  the  being  is  to  exist.  Thus,  whilst  the 
absorbing  organs  of  Plants  are  prolonged  externally  into  the  soil,  they  are 
distributed  in  Animals  upon  the  walls  of  a  carity  fitted  to  retain  and  pre- 
pare the  food,  in  order  that  there  may  be  no  impediment  to  locomotion. 
Still  the  same  fundamental  unity  exists ;  and  the  spongiole  of  the  vascular 
Plant,  and  the  origin  of  the  absorbent  vessel  in  the  Animal,  have  precisely 

*  Duncan  on  Analogies,  p.  25. 
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the  same  essential  character  with  the  membrane,  which  constitutes  the 
general  surface  of  the  Sea-weed,  or  Red  Snow.  It  may,  then,  be  enun- 
ciated as  a  general  truth  that,  "  throughout  the  whole  animated  Creation, 
the  essential  character  of  the  organs  which  all  possess  in  common,  remains 
the  same;  whilst  the  mode  in  which  that  character  is  manifested  varies 
with  the  general  plan  upon  which  the  being  is  constructed"  The  latter 
part  of  this  law  may  be  rendered  more  intelUgible  by  another  illustration. 
The  respiratory  surface  of  Plants  is  always  prolonged  externally ;  as  they 
have  no  means  of  introducing  air  into  cavities,  and  effecting  that  constant 
change  in  it  which  is  necessary  for  the  function.  The  same  is  found  to  be 
the  case  in  nearly  all  aquatic  Animals,  the  gills  of  which  are  evidently 
analogous  to  the  leaves  of  Plants.  In  terrestrial  Animals,  on  the  contrary, 
the  respiratory  membrane  is  prolonged  internally,  so  as  to  form  tubes  or 
cells  exposing  a  large  amount  of  surface.  The  different  cavities  we  find 
adapted  to  this  function,  have  all  the  same  analogy  in  their  functional  cha- 
racter ;  the  membrane  which  lines  them  being  either  derived  immediately 
from  the  external  surface,  as  in  Insects,  terrestrial  Molluscs,  &c.,  or  from 
that  inversion  of  it  which  forms  the  digestive  cavity,  as  in  Vertebrata.  If 
we  apply  to  them  the  principle  of  connections,  however,  we  find  that  they 
are  structurally  distinct  organs ;  one  often  existing  in  a  rudimentary  state 
where  another  is  fully  developed.  Throughout  the  second  division  of  the 
work,  illustrations  will  be  found  of  this  essential  unity  in  the  functional 
character  of  the  different  organs  common  to  all ;  and  it  need  not,  therefore, 
be  further  dwelt  upon  in  this  place. 

242.  Allusion  has  been  several  times  made  to  the  Progressive  Develop- 
ment of  organised  beings.  In  the  early  stages  of  formation  in  every  Animal 
or  Vegetable,  we  may  observe  as  great  a  dissimilarity  to  its  ultimate  condi- 
tion, as  exists  between  the  lower  and  higher  members  of  each  kingdom. 
And  if  we  watch  the  progress  of  evolution,  we  may  trace  a  correspondence 
between  that  of  the  germ  in  its  advance  towards  maturity,  and  that  exhibited 
by  the  permanent  conditions  of  the  races  occupying  different  parts  of  the 
ascending  scale  of  creation.  This  correspondence  results  from  the  operation 
of  the  same  law  in  both  cases.  If  we  compare  the  forms  which  the  same 
organ  presents  in  different  parts  of  the  series,  we  shall  always  observe  that 
it  exists  in  its  most  general  or  diffused  form  in  the  lowest  classes,  and  in 
its  most  special  and  restricted  in  the  highest,  and  that  the  transition  from 
one  form  to  the  other  is  a  gradual  one.  Thus,  to  refer  again  to  the  organs 
of  Absorption ; — these  we  find  diffused  over  the  whole  exterior  in  the  sim- 
plest plants  and  animals,  so  that  the  surface  becomes,  as  it  were,  all  root ; 
whilst  they  are  restricted  to  a  very  small  proportion  of  it  in  vascular  plants,* 
and  in  the  higher  animals.  The  function,  therefore,  which  was  at  first 
most  general,  and  so  combined  with  others  performed  by  the  same  surface 
as  scarcely  to  be  distinguishable  from  them,  is  afterwards  found  to  be  con- 
fined to  a  single  organ,  or  to  be  specialised  by  separation  from  the  rest ; 
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these  haying,  by  a  similar  change,  been  rendered  dependent  on  distinct 
organs.  It  follows,  therefore,  that  there  is  a  greater  variety  of  dissimilar 
parts  in  the  higher  organisms  than  in  the  lower ;  and  hence  the  former 
may  be  said  to  be  heterogeneous,  whilst  the  latter  are  more  homogeneouSy 
approaching  in  some  degree  the  characters  of  inorganic  masses.  This  law 
is,  therefore,  thus  concisely  expressed  by  Von  Bar,  who  first  announced  it 
in  its  present  form.  "-4  heterogeneous  or  special  structure  arises  out  of  one 
more  homogeneous  or  general ;  and  this  by  a  gradual  change."  The  details 
which  will  be  given  in  the  second  division  of  this  work, — relative  to  the 
evolution  of  structure  and  the  complication  of  function,  witnessed  in  study- 
ing the  development  of  each  system,  both  in  the  ascending  scale  of  creation, 
and  in  the  growth  of  the  embryo, — ^will  so  fully  illustrate  this  law,  that 
more  need  not  here  be  said  of  its  appHcation. 

243.  This  law  holds  good  with  respect  to  function  as  well  as  to  structure; 
indeed  it  must  inevitably  do  so,  since  all  alteration  in  structure  must  be 
accompanied  with  more  or  less  change  in  its  properties.  But  observation 
of  the  functions  of  the  more  complex  forms  of  animated  beings  leads  to  the 
knowledge  of  another  law,  which  in  some  degree  restricts  the  operation  of 
the  one  just  mentioned.  It  may  be  stated  as  follows. — In  cases  where  the 
different  functions  are  highly  specialised,  the  general  structure  retains, 
more  or  less,  the  primitive  community  of  function  which  originally  charac- 
terised it.*  As  this  law  also  will  be  copiously  illustrated  in  subsequent 
chapters,  it  is  unnecessary  here  to  do  more  than  point  out  its  mode  of 
application.  The  Absorbent  system  has  been  shown  to  be  one  of  those 
most  highly  speciaUsed  (or,  in  other  words,  having  a  separate  organ  most 
exclusively  devoted  to  it,)  in  the  more  complex  organisms ;  yet  it  is  never 
entirely  restricted  to  its  special  organ.  For,  as  in  the  simplest  or  most 
homogeneous  beings  the  entire  surface  participated  equally  in  it,  so  in  the 
most  heterogeneous  every  part  of  the  surface  retains  some  connection  with 
it;  since,  even  in  the  highest  plants  and  animals,  the  common  external 
integument  admits  of  the  passage  of  fluid  into  the  interior  of  the  system, 
especially  when  the  supply  afforded  by  the  usual  channels  is  deficient.  In 
the  same  manner  we  find  that,  whilst  in  the  lowest  animals  the  functions 
of  Excretion  are  equally  performed  by  the  whole  surface,  there  is  in  the 
highest  a  compUcated  apparatus  of  Glandular  organs,  to  each  of  which 
some  special  division  of  that  function  is  assigned ;  but  as  all  these  glands 
have  the  same  elementary  structure,  and  differ  only  in  the  peculiar  adapta- 
tion of  each  to  separate  a  particular  constituent  of  the  blood,  it  is  a 
necessary  result  of  the  law  just  stated,  that  either  the  general  surface 
'of  the  skin  or  some  of  the  special  secreting  organs  should  be  able  to  take 
on,  in  some  degree,  the  function  of  any  gland  whose  duty  is  suspended ; 
and  observation  and  experiment  fully  bear  out  this  result,  as  will  hereafter 
appear  (chap.  xi). 

•  See  Edinburgh  Philosophical  Journal,  July,  1837. 
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244.  Allusion  was  just  now  made  to  the  correspondence  which  is 
cemible  between  the  transitory  forms  exhibited  by  the  embryos  of  ti 
higher  beings,  and  the  pennanent  conditions  of  the  lower.  When  this  v 
first  observed,  it  was  stated  as  a  general  law,  that  all  the  higher  animals  in 
the  progress  of  their  dcTelopment  pass  through  a  series  of  forma  analogous 
to  those  encountered  in  ascending  the  animal  scale.  But  this  is  not  correct ; 
for  the  entire  animal  never  does  exhibit  such  resemblances,  except  in  B  few 
particular  cases  to  which  allusion  has  already  been  made  (§  113);  and  the 
resemblance  or  analogy  which  exists  between  individual  organs  has  no 
reference  to  their  forms,  but  to  their  condition  or  grade  of  development. 
Thus,  we  find  the  heart  of  the  Mammalia,  which  finally  possesses  four 
distinct  cavities,  at  first  in  the  condition  of  a  prolonged  tube,  being  a  dila- 
tation of  the  principal  arterial  trunk,  and  resembling  the  dorsal  vessel  of 
the  Articulated  classes ;  subsequently  it  becomes  shortened  in  relation  to 
the  rest  of  the  structure,  and  presents  a  greater  diameter,  whilst  a  division 
of  its  cavity  into  two  parts,  a  ventricle  and  an  auricle,  is  evident,  as  in 
Fishes  ;  a  third  cavity,  like  that  possessed  by  Reptiles,  is  next  formed,  by 
the  subdivision  of  the  auricle  previously  existing ;  and  lastly  a  fourth 
chamber  is  produced  by  the  growth  of  a  partition  across  the  ventricle ;  and 
in  perfect  harmony  with  these  changes  are  the  metamorphoses  presented 
by  the  system  of  vessels  immediately  proceeding  from  the  heart,  in  like 
manner,  the  evolution  of  the  brain  in  Man  is  found  to  present  conditions 
which  may  be  successively  compared  with  those  of  the  Fish,  B^ptile,  Bird, 
tower  Mammaha,  and  higher  Mammalia ;  but  in  no  instance  is  there  an 
exact  identity  between  any  of  these.  It  is  to  be  remembered  that  every 
Animal  must  pass  through  some  change,  in  the  progress  of  its  development 
from  its  embryonic  to  its  adult  condition  ;  and  the  correspondence  is  much 
closer  between  the  embryonic  Fish  and  the  fcPtal  Bird  or  Mammal,  than 
between  these  and  the  adult  Fish.  Thus,  at  an  early  period  ot  the  dcveloji- 
ment  of  all  vertebrated  animals,  the  circulation  is  earned  on  b>  a  system  of 
vessels,  distributed  on  the  same  plan  as  that  which  is  met  with  in  the 
adult  Fish ;  and  this  may  therefore  he  considered  as  the  mofit  general 
condition  of  the  vaacidar  apparatus  in  the  Vertebrated  series  But  in  the 
foetus  of  the  higher  Vertebrata,  these  vessels  are  never  completely  developed 
upon  that  type ;  for  they  are  Uttle  more  than  channels  in  the  cellular  sub- 
stance of  which  the  whole  body  then  consists,  and  thtj  afterwards  dis- 
appear entirely :  and  they  correspond,  therefore,  with  the  condition  of  the 
same  parts  in  the  fcetal  Fish,  much  more  closely  than  with  that  of  the  adult. 
In  the  development  of  the  Fish,  these  channels  are  converted  into  perfect 
arterial  tubes,  possessing  the  characteristic  structure  of  these  parts ;  hut' 
no  such  conversion  takes  place  in  the  true  Iteptile,  Bird,  or  Mammal, 
whose  vascular  system  is  formed  by  a  metamorphosis  of  the  original  type, 
differing  in  each  class  respectively.  The  same  might  be  said  of  the  brain. 
the  vertebral  column,  or  of  any  of  those  jiarts  in  which  the  resemblance  in 
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most  strongly  marked.     The  view  here  stated  may  perhaps  receive  further 
elucidation  from  a  simple  diagram.     Let  the  vertical  Ime 
represent  the  progressive  change  of  type  observed  in  the        '^^ 
development  of  the  foetus,  commencing  from  below.     The        n 
foetus  of  the  Fish  only  advances  to  the  stage  F;  but  it  then 
undergoes  a  certain  change  in  its  progress  towards  maturity>        R 
which  is  represented  by  the  horizontal  line  FD.    The  foetus 
of  the  Reptile  passes  through  the  condition  which  is  cha~ 
racteristic  of  the  foetal  Fish ;  and  then,  stopping  short  at  q 

the  grade  R,  it  changes  to  the  perfect  Reptile.  The  same 
principle  applies  to  Birds  and  Mammalia ;  so  that  A,  B,  and  G, — the  adult 
conditions  of  the  higher  groups, — are  seen  to  be  very  different  from  the 
foetalf  and  still  more  from  the  adult,  forms  of  the  lower ;  whilst  between 
the  embryonic  forms  of  all  the  classes,  there  is,  at  certain  periods,  a  very 
dose  correspondence,  arising  from  the  law  of  gradual  progress  from  a 
general  to  a  special  condition,  already  so  much  dwelt  upon.  The  only 
exceptions  which  occur  to  this  statement  will  be  found,  from  the  explana- 
tion already  given,  to  be  apparent  only,  and  really  to  prove  its  truth. 
(See  §  113). 

245.  Since  the  doctrine,  so  far  as  it  is  correct,  refers  to  individual  organs 
alone,  and  not  to  those  collections  of  them  which  go  to  form  living  struc- 
tures, it  is  no  objection  to  it  to  say,  as  may  be  fairly  done,  that  neither  the 
embryo  of  man,  nor  that  of  any  other  among  the  higher  animals,  resembles 
a  lower  animal  to  such  a  degree,  as  to  be  mistaken  for  one ;  for,  however 
similar  may  be  the  apparent  origin  of  each  being,  the  changes  which  it 
undergoes  from  its  very  commencement  have  a  definite  end, — the  produc- 
tion of  its  perfect  and  specific  form.  Such  an  admission,  therefore,  can 
have  no  tendency  to  confound  the  established  distinctions  in  Natural 
History.  But  this  correspondence  may,  as  already  stated,  be  regarded  in 
the  light  of  a  result  or  corollary  from  the  more  comprehensive  law  at  first 
laid  down ;  since,  if  the  evolution  of  particular  organs  discloses  the  same 
pkn,  when  traced  upwards  from  their  simplest  and  most  general  forms, — 
whether  in  the  lowest  being,  or  in  the  embryo  of  the  highest, — their  pro- 
gressive stages  must  present  resemblances  in  condition.  As  already  men- 
tioned, there  are  certain  cases  in  which  the  Umitation  is  removed ;  and  the 
whole  being  is  made  to  correspond,  in  what  must  be  regarded  as  its  embryo 
condition,  with  the  form  and  structure  characteristic  of  an  inferior  class. 
This  is  for  the  purpose  of  enabling  it  to  maintain  its  own  existence  at  an 
eartier  period  than  would  otherwise  be  practicable ;  and  the  means  by  which 
this  is  effected,  without  the  addition  of  any  new  structure,  or  the  infraction 
of  any  law  of  development,  are  not  a  little  curious.  Thus,  to  adapt  the 
embryo  frog  to  the  Ufe  of  a  fish,  requires  a  provision  for  aquatic  respiration  ; 
and  this  is  made  simply  by  developing  to  a  greater  extent  in  the  tadpole^ 
those  rudiments  of  giUs  which  all  the  higher  animals  possess  in  common 
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with  it.  In  the  Larva  of  the  insect,  again,  which,  at  its  emersion  from 
the  egg,  hears  so  small  a  proportion  to  its  ultimate  magnitude  (§  120),  the 
germinal  membrane,  that  in  other  ova  is  spread  over  and  progressively 
ahsorhs  the  yolk  or  store  of  nutriment  suppUed  by  the  parent  (chap,  xiii), 
speedily  becomes  a  large  intestine,  into  which  the  food  is  taken  in  pro- 
digious quantities  by  the  mouth :  and  when  it  has  served  this  purpose,  a 
part  of  it  is  metamorphosed  into  generative  organs,  which  in  the  perfect 
Insect  are  destined  to  continue  the  species,  and  which  are  elaborated  in 
other  animals  from  the  same  source — the  germinal  membrane — ^before  their 
first  entrance  into  the  world.  In  the  form  in  which  the  law  of  progressive 
development  has  been  here  stated,  it  will  be  found  applicable  to  the  Vege- 
table kingdom,  as  well  as  to  the  Animal ;  the  progress  of  individual  organs 
from  a  more  general  to  a  more  special  type,  being  discernible  as  well  in  the 
development  of  the  embryo  as  in  ascending  the  scale.  But  it  would  be 
quite  impossible  to  maintain  the  position,  that  any  of  the  stages  of  growth 
presented  in  the  evolution  of  a  flowering  plant,  are  altogether  comparable 
with  the  permanent  forms  exhibited  by  Lichens,  Fungi,  Mosses,  &c. 

246.  Another  law,  of  less  comprehensive  appUcation,  has  been  estab- 
lished by  the  study  of  the  evolution  of  the  higher  organisms,  and  is  called 
that  of  excentric  development.    It  is  observed  that  the  parts  of  the  structure 
most  distant  from  the  median  plane,  are  in  general  more  advanced  than 
those  nearer  the  centre ;  thus,  the  ribs  are  ossified  earUer  than  the  sternum 
or  vertebral  column, — the  parietal  bones  sooner  than  the  central  portions 
of  the  sphenoid  or  occipital.   But  it  appears  to  have  a  more  extended  appli- 
cation than  this ;  for  there  is  much  evidence  to  prove  that  the  formation  of 
all  the  organs  in  Vertebrate  animals  takes  place  on  a  double  system ;  not 
only  those  which  are  permanently  double  being  thus  evolved ;  but  those 
which  subsequently  appear  as  single  and  even  asymmetrical  organs,  consist- 
ing, at  an  early  period,  of  two  separate  and  equal  halves.    Thus,  the  spinal 
column  and  all  the  bones  placed  on  the  central  Hue,  are  originally  divided 
longitudinally,  the  points  of  ossification  not  being  on  that  line,  but  on  each 
side  of  it ;  in  some  of  the  lower  animals,  the  lateral  halves  remain  separate, 
as  in  the  case  of  the  lower  jaw  of  most  serpents ;  and  in  man  it  is  not  un- 
common to  find  a  permanent  division  in  particular  bones,  especially  the 
frontal,  which  can  scarcely  be  regarded  as  amounting  to  a  malformation. 
But  the  application  of  this  law  is  still  more  extraordinary,  when  it  is  con- 
sidered in  relation  to  organs  which  in  their  perfect  form  are  not  only  single, 
but  are  placed  off  the  median  plane  of  the  body,  so  as  not  to  consist  of  two 
equal  halves.     The  liver,  for  instance,  is  almost  entirely  confined  in  adult 
man  to  the  right  side  of  the  body ;  but  in  the  foetus,  its  two  lobes  are  at 
one  period  equally  balanced  between  the  two  (§  173).     The  heart  is,  at  its 
first  formation,  placed  on  the  median  line,  as  in  the  Articulata,  and  con- 
sists of  two  equal  halves ;  while  the  large  vessels  connected  with  it,  the 
aorta  and  vena  cava,  are  actually  double.     Many  similar  instances  might 
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be  adduced ;  but  those  afforded  by  monstrous  conditions,  or  malformationsy 
are  most  illustrative.  Certain  facts  recently  disclosed,  however,  by  the 
study  of  the  earliest  processes  of  embryonic  development,  render  it  doubt- 
ful if  this  law,  as  usually  stated,  can  be  received  without  some  modification. 
(See  CHAP.  xiii). 

247.  Of  the  malformations  which  occur  in  the  higher  animals,  a  great 
variety  may  be  referred  to  arrest  of  development ;  and  this  may  operate  in 
several  ways.  It  leads  to  the  permanent  assumption  of  a  condition,  in 
particular  organs,  which  should  have  been  transitory  only;  and  thus  a 
resemblance  will  arise  between  the  condition  of  that  organ  in  the  mal- 
formed being,  and  that  which  is  characteristic  of  some  inferior  grade. 
This  is  peculiarly  striking  in  the  malformations  of  the  circulating  system, 
of  which  many  instances  will  hereafter  be  adduced  (§  382).  But  it  may 
also  present  itself  in  a  deficiency  of  structure  on  the  median  hue,  such  as 
occasions  hare-hp,  cleft  palate,  bifid  uvula,  absence  of  the  commissures  of 
the  brain,  approximation  of  the  two  eyes  in  one  socket,  the  disease  termed 
spina  bifida  (which  results  from  deficiency  of  the  posterior  part  of  the 
rings  of  the  vertebrfle),  and  many  others.  These  and  other  deformities  are 
no  longer  regarded  by  the  philosophic  anatomist  with  the  horror  and  dis- 
gust which  they  once  inspired,  and  which  they  still  excite  in  the  vulgar 
mind ;  since  they  afford  the  most  appropriate  and  convincing  evidence  of 
the  Uniformity  of  design  which  runs  through  creation ;  and,  if  properly 
employed,  become  the  most  stable  foundation  for  the  prosecution  of  the 
enquiry  into  the  laws  through  which  that  Design  has  operated. 

248.  In  the  Vegetable  kingdom,  the  study  of  monstrosities  has  been 
peculiarly  effectual  in  the  elucidation  of  the  laws  regulating  the  meta- 
morphoses of  organs,  or  the  dissimilar  forms  which  the  same  elements  may 
assume.  Thus,  it  is  found  that  parts  of  the  flower  which  have,  in  their 
ordinary  state,  least  of  the  foliaceous  appearance,  such  as  the  stamens  or 
carpels,  revert  to  the  form  of  leaf  (which  may  be  regarded  as  the  type  of 
them  all),  under  some  alteration  in  the  conditions  of  their  development, 
which  is  not  yet  fully  understood.  Again,  the  forms  of  flowers,  which  in 
some  species  are  characteristically  deficient  in  symmetry,  exhibit  a  tendency 
to  assume  that  regularity  which  may  be  regarded  as  typical  of  the  structure. 
Thus,  the  common  Snap-dragon  has  an  irregular  form  of  corolla,  which  is 
denominated  labiate  from  the  two  large  hps  bounding  its  mouth,  and  is 
ftumished  with  a  single  long  spur ;  it  is  by  no  means  uncommon,  however, 
to  find  specimens  in  which  the  corolla  has  become  perfectly  regular,  each 
petal  being  similar  in  form,  and  each  ftimished  with  a  spur.  At  the  same 
time,  the  stamens,  which  in  this  species  are  four  and  didynamxMs  (two  long 
and  two  short),  become  five,  and  all  of  the  same  length ;  and  it  is  thus 
shown  that  the  suppression  of  one  stamen  and  the  shortening  of  two 
others,  which  is  characteristic  of  this  group,  does  not  result  from  any 
essential  alteration  in  the  plan  of  structure,  but  merely  from  a  deficiency 
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in  the  evolution  of  certain  parts  of  which  the  rudiments  exist.  In  the 
Nasturtium,  again,  which  in  its  usual  state  possesses  one  spurred  petal 
only,  the  tendency  to  regularity  is  exhibited,  sometimes  by  the  disappear- 
ance of  the  spur,  sometimes  by  the  development  of  it  on  other  petals. 
Innumerable  examples  of  the  same  kind  might  be  adduced ;  but  these  are 
sufficient  to  prove  the  importance  of  attention  to  them. 

249.  Another  subordinate  law,  which  however  has  an  extensive  appli- 
cation, is  that  of  the  balancing  of  organs,  alluded  to  by  Paley  and  other 
authors  as  the  "  principle  of  compensation."  This,  like  other  generalisa- 
tions, has  been  carried  too  far  by  many  writers  who  have  dwelt  upon  it. 
Thus,  it  has  been  stated  in  the  following  most  objectionable  form  ; — ^that 
the  extraordinary  development  of  one  organ  occasions  a  corresponding 
deficiency  in  another,  and  vice  versd.  It  is  perfectly  true  that,  in  a  great 
majority  of  cases,  the  extraordinary  development  of  one  organ  is  accom- 
panied by  a  corresponding,  deficiency  of  development  in  another  ;  but  the 
development  and  the  deficiency  are  both  parts  of  one  general  plan,  and 
neither  can  be  regarded  as  the  cause  or  the  effect  of  the  other.  Thus,  in 
the  human  cranium,  the  elements  which  form  the  covering  or  protection 
of  the  brain  are  very  largely  developed,  whilst  those  which  constitute  the 
face  are  comparatively  small.  In  the  long-snouted  herbivorous  quadru- 
peds or  reptiles,  on  the  other  hand,  the  great  development  of  the  bones  of 
the  face  is  coincident  with  a  very  small  capacity  of  the  cerebral  cavity.  In 
the  bat,  we  find  the  anterior  extremity  widely  extended,  so  as  to  afford  to 
the  animal  the  means  of  rising  in  the  air ;  whilst  the  posterior  is  very 
much  lightened,  so  as  not  to  impede  its  flight.  In  the  kangaroo,  on  the 
other  hand,  the  posterior  members  are  very  large  and  powerful,  enabling 
the  animal  to  take  long  leaps  ;  whilst  the  fore  paws  are  proportionably 
small.  The  mole,  again,  requires  for  its  underground  burrows  the  power 
of  excavating  with  its  fore-feet,  whilst  the  hind  legs  are  used  for  propul- 
sion only ;  and  the  relative  development  of  these  members  follows  the 
same  proportion  as  in  the  bat,  although  the  plan  in  the  two  cases  is  widely 
different.  Moreover  it  is  obvious  that,  from  the  peculiar  habits  of  this 
animal,  eyes  would  be  of  little  or  no  use  to  it ;  and  accordingly  we  find 
them  merely  rudimentary,  and  no  cavity  in  the  skull  for  their  reception ; 
whilst  to  compensate  for  the  want  of  them,  the  ethmoid  bone,  which  con- 
tains the  organ  of  smell,  is  amazingly  developed.  In  other  classes  of 
animals  similar  illustrations  abound  ;  and  the  relation  between  the  internal 
and  external  skeletons,  already  alluded  to  (§  1 1 5),  is  a  striking  proof  of  the 
extensive  application  of  this  principle. 

250.  Another  law,  propounded  by  Cuvier,  and  supported  by  other 
authors,  is  that  of  the  harmony  of  forms,  or  iht  coexistence  of  elements. 
It  implies  that  there  is  a  specific  plan,  not  only  for  the  formation,  but  for 
the  combination  of  organs ;  that  there  is  a  constant  harmony  between 
organs  apparently  the  most  remote ;  and  that  the  altered  form  of  one  is 
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inyanably  attended  with  a  corresponding  alteration  in  the  others.      That 
this   statement  is  true  as  far  as  it  goes,  no  one  can   deny ;   and  the 
researches  which  have  been  based  upon  it  have  been  most  successful  in 
repeopUng  the  globe,  as  it  were,  with  the  forms  of  animals  which  have 
long  been  extinct,  but  which  can  be  certainly  predicted  even  from  minute 
fragments  of  them.      A  general  comparison  of  the  skeleton  of  the  car- 
nivorous with  that  of  an  herbivorous  quadruped,  will  show  the  manner 
in  which  this  enquiry  is  pursued.     The  Tiger,  for  example,  is  ftmiished 
with  a  cranial  cavity  of  considerable  dimensions,  in  order  that  the  size  of 
the  brain  may  correspond  with  the  degree  of  intellect  which  the  habits  of 
the  animal  require.     The  face  is  short,  so  that  the  power  of  the  muscles 
which  move  the  head  may  be  advantageously  appHed.     The  front  teeth 
are  large  and  pointed ;   and  by  the  scissors-hke  action  of  the  jaw,  they  are 
kept  constantly  sharp.     The  lower  jaw  is  short,  and  the  cavity  in  which 
its  condyle  works  is  deep  and  narrow,  allowing  no  motion  but  that  of 
opening  and  shutting ;   the  fossa  in  which  the  temporal  muscle  is  imbed- 
ded, is  very  large  ;   and  the  muscle  itself  is  attached  to  the  jaw  in  such  a 
manner,  as  to  apply  the  power  most  advantageously  to  the  resistance.  The 
molar  teeth  are  sharp,  and  adapted  for  cutting  and  tearing  only.    The  spi- 
nous processes  of  the  vertebrae  of  the  back  and  neck  are  very  strong  and 
prominent,  giving  attachment  to  powerftil  muscles  for  raising  the  head,  to 
enable  the  animal  to  carry  off  his  prey.     The  bones  of  the  extremities  are 
disposed  in  such  a  manner  as  to  allow  the  union  of  strength  with  freedom 
of  motion ;   the  head  of  the  humerus  is  round,  and  the  articular  surfaces 
on  the  fore-arm  indicate  that  it  possesses  the  power  of  pronation  and 
supination.      The  toes  are  separate,  and  armed  with  claws,  which  are 
retracted  when  not  in  use  by  a  special  apparatus  that  leaves  its  mark  upon 
the  bones. — On  the  other  hand,  in  the  conformation  of  the  herbivorous 
quadruped,  we  are  at  first  struck  with  the  diminished  capacity  of  the  cra- 
nium, and  the  size  of  the  bones  of  the  face.      The  jaws  are  long,  and  have 
a  great  degree  of  lateral  motion,  the  glenoid  cavity  being  broad  and  shal- 
low ;   and  whilst  the  pteregoid  fossa,  in  which  the  muscles  that  rotate  it 
are  lodged,  is  of  large  size,  the  temporal  fossa  is  comparatively  small,  no 
powerful  biting  motions  being  required  by  the  nature  of  the  food  or  the 
mode  of  obtaining  it.     The  front  teeth  are  fewer  and  smaller ;  but  the 
surfaces  of  the  grinding  teeth  are  extended,  and  are  kept  constantly  rough 
by  the  alternation  of  bone  and  enamel.     The  extremities  are  more  solidly 
formed,  and  have  but  little  freedom  of  motion,  the  shoulder  being  scarcely 
more  than  a  hinge-joint ;   the  toes  are  consohdated  and  inserted  into  a 
hoof,  which  is  double  or  single,  according  as  the  animal  nmiinates  or  not. 
The  whole  body  is  heavier  in  proportion,  the  nutritive  system  being  more 
compHcated ;   and  the  muscles  which  enable  the  tiger  to  lift  considerable 
weights  in  his  mouth,  are  here  necessary  to  support  the  weight  of  the  head 
itself. 
251.  A  Httle  consideration  will  show  that  the  existence  of  this  adaptation 


of  parts  is  nothiDg  more  than  a  result  of  other  laws  of  dcTelopm 
It  is  evideat  that,  if  it  were  deficient,  the  race  must  speedily  becodi 
extinct,  the  conditions  of  its  existence  being  no  longer  fulfilled  ;  thes 
conditions  being,  for  the  whole  orgauisnij  what  the  vital  stimnli  already 
deacrihed  are  for  its  individual  properties.  An  animal  with  the  carnivo- 
rous propensity  of  the  tiger,  for  instance,  and  the  teeth  or  hoofs  of  a  horse, 
could  not  remain  alire,  frOm  the  want  of  power  to  obtain  and  prepare  its 
aliment ;  nor  would  a  horse  be  the  better  for  the  long  canine  teeth  of  the 
tiger,  which  would  prevent  the  grinding  motion  of  his  jaws  required  for 
the  trituration  of  the  food.  The  statement  above  given  cannot,  therefore, 
he  regarded  as  &  lam,  since  it  is  nothing  more  than  tlie  expression,  in  an 
altered  form,  of  the  fact  that,  as  the  life  of  an  organised  being  consists  in 
the  performance  of  a  series  of  actions,  which  are  dependent  upon  one 
another,  and  are  all  directed  to  the  same  end,  whatever  seriously  interfere* 
with  any  of  those  actions  must  be  incompatible  with  the  ntaintenance  0 
existence.  The  splendid  discoveries  of  Cuvier  and  other  anatomists,  ^ 
have  succeeded  in  determining,  from  minute  fragraeuta  of  bones,  the  a 
raeters  of  so  many  extraordinary  species  of  remote  epochs,  have  t 
only  from  the  union  of  a  sagacious  application  of  this  fact,  with  I 
laborious  comparison  of  these  remains  and  the  similar  parts  of  aninid 
at  present  existing.  Until  the  laws  of  formation  are  discovered,  whtf 
have  operated  in  producing  one  result  as  well  as  the  other,  no  b 
process  than  this  can  he  adopted. 

252.  That  these  laws  may  be  most  advantageously  piu^ued  ' 
disregarding  for  a  time  the  particular  comiection  of  oi^ans  with  the 
functions  they  appear  designed  to  serve,  will  be  hereafter  shown  (tHAF. 
xvii)  ;  at  present  it  may  be  remarked,  that  those  who  have  dwelt  mo«t 
upon  this  adaptation  of  the  structure  of  living  beings  to  the  extern 
conditions  in  which  they  exist,  appear  to  have  forgotten  that  these  y 
conditions  might  be  regarded,  with  just  as  much  propriety, 
adapted  to  the  support  of  living  beings.  We  have  as  much  ground  to 
believe  that  this  earth,  with  all  its  varieties  of  season,  temperature,  Ught, 
moisture,  &c.,  was  adjusted  for  the  maintenance  of  plants  and  animals 
upon  its  surface,  as  that  these  plants  and  animals  were  created  i 
ance  with  its  pre-csistmg  circumstances.  The  Natural  Philosopher  d 
not  regard  it  as  a  snfScient  explanation  of  the  astronomical  c 
logical  changes  which  he  witnesses,  that  they  are  for  the  benefit  of  n 
living  inhabitants  of  the  globe ;  and  yet,  as  it  has  been  already  abtn 
they  furnish  conditions  of  vital  action  as  important  as  tliose  afforded  I 
organised  stnictnre.  The  Philosophical  Anatomist,  therefore,  does  i 
regard  the  object  or  ftmctiou  of  a  particular  structure  as  a  snfficienf 
account  of  its  existence  ;  but,  in  attaining  the  laws  of  its  formation 
independently  of  any  assumption  of  an  end,  he  really  esliibits  the  primaij 
Design  in  a  much  higher  character,  thaLi  in  deducing  it  from  any  limiU 
results  of  its  operation. 
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CHAPTER  IV. 

GENERAL  VIEW  OF  THE    FUNCTIONS  OF  ANIMATED  BEINGS^  AND  THEIR 

MUTUAL    RELATIONS. 

253.    It  has  been  stated  (§  4 — 7)  to  be  the  object  of  the  Physiologist, 
to  ascertain  the  laws  regulating  the  changes  which  constitute  the  Life  of 
organised  beings  ;   and  that,  in  order  to  arrive  at  any  certain  general  con- 
clusions respecting  them,  he  must  collect  and  compare  all  the  facts  of 
similar  character,  with  which  the  study  of  the  animated  creation  furnishes 
him.     The  changes  which  occur  during  the  Life  of  any  one  being,  are  of 
themselves  inadequate  to  furnish  the  required  information  ;   since  this 
presents   us   only  with  a  group  of  dissimilar  phenomena,  incapable   of 
comparison  with  each  other,  or  permitting  it  but  to  a  low  degree.     Were 
we  to  derive  all  our  notions  of  Physiology  from  the  history  of  one  of  the 
simple  cellular  plants,  we  should  obtain  but  very  vague  ideas  as  to  the 
character  of  its  different  nutritive  processes ;   since  we  cannot  separate 
these  from  one  another,  and  investigate  them  apart.     And,  on  the  other 
hand,  we  should  be  apt  to  form  very  erroneous  conceptions  of  the  essential 
conditions  of  these  processes,  were  we  to  study  them  only  in  their  most 
complex  form  and  speciaUsed  condition,  and  reason  thence  as  to  their 
dependence  upon  particular  kinds  of  structure.     It  is  only,  then,  from 
a  comprehensive  survey  of  the  whole  organised  creation, — embracing  the 
unobtrusive  manifestations  of  life  which  Nature  presents  at  one  extremity 
of  the  scale  (as  if  to  show  the  simpUcity  of  her  operations),  as  well  as 
those  evident  actions  which  every  moment  displays  to  us  in  her  most 
elaborate  works, — ^that  any  laws  possessing  a  claim  to  general  appHcation 
can  be  deduced. 

254.  A  careful  examination,  however,  of  the  vital  operations  of  the 
human  system,  or  of  any  other  of  similar  complexity,  will  reveal  much 
more  regarding  the  essential  conditions  of  Ufe,  than  a  superficial  glance 
could  ascertain  from  them.  Thus,  if  the  series  of  phenomena  be  enquired 
into,  which  constitute  the  Function  of  Respiration,  it  will  be  found  that, 
whilst  some  of  these  are  indispensable  to  the  continuance  of  life,  and  can 
only  be  performed  under  the  conditions  supplied  by  the  organised  system, 
other  actions  are  merely  superadded  for  the  purpose  of  facilitating  them  ; 
and  these,  if  from  any  cause  not  performed  by  the  mechanism  contrived 
for  their  production,  may  be  artificially  imitated,  with  a  degree  of  success 
exactly  proportional  to  the  perfection  of  the  imitation.  The  essential 
part  of  the  ftinction  of  Respiration  is  the  aeration  of  the  blood  ;  that  is  to 
say,  an  interchange  of  ingredients  between  the  fluid  and  the  air,  resulting 
from  the  exposure  of  the  former  either  directly  to  the  atmosphere,  or  to 
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the  gases  diffiised  through  water.  All  the  changes  which  are  associated 
as  partaking  in  the  function,  share  in  it  only  by  contributing  to  this — the 
real  constituent  of  it.  The  alterations  in  the  capacity  of  the  chest,  which 
are  effected  by  the  actions  of  the  diaphragm  and  of  the  external  muscles, 
have  only  for  their  object  the  renewal  of  the  quantity  of  air  in  contact 
with  the  membrane  through  which  the  blood  is  exposed  to  it.  These 
actions  are  really  a  part  of  the  functions  of  the  Muscular  and  Nervous 
systems ;  and  are  only  associated  under  that  of  Respiration,  on  account 
of  their  obvious  tendency  towards  its  essential  purpose.  They  have  no 
share  in  the  production  of  the  aeration  of  the  blood,  except  by  supplying 
its  conditions  ;  and  if  these  conditions  can  be  suppUed  independently  of 
them,  the  essential  part  of  the  ftinction  will  be  performed  as  when  they 
were  concerned  in  it.* 

255.  By  an  analysis  of  this  kind  applied  to  the  other  functions, 
similar  conclusions  might  be  arrived  at  respecting  their  essential  charac- 
ter ;  for  it  will  appear  in  every  one  of  them,  that  some  of  the  changes 
which  are  thus  grouped  together  are  essential,  and  others  superadded. 
But  these  conclusions  do  not  possess  the  same  certainty  as  if  they  were 
founded  upon  a  broader  basis ;  nor  are  they  so  easily  attained.  For, 
to  revert  to  the  instance  just  quoted,  observation  alone  of  the  vital  pheno- 
mena of  the  lower  animals,  will  reveal  what  could  only  be  determined  in 
man  by  experiment.  Until  an  experiment  (the  insufflation  of  the  chest) 
had  been  found  successful  in  continuing  the  aeration  of  the  blood,  it 
could  not  be  certainly  known  that  the  respiratory  movements  had  not 
some  further  share  in  the  function,  than  that  of  mechanically  renewing 
the  air  in  apposition  with  the  circulating  fluid.  But  when  the  conditions 
of  the  ftinction  are  examined  in  the  lower  animals,  it  is  found  that  these 
are  varied  (the  essential  part  being  every  where  the  same)  to  suit  the 
respective  circumstances  of  their  existence.  Thus,  Reptiles,  having  no 
diaphragm,  are  obliged  to  fill  the  lungs  with  air  by  a  process  which 
resembles  swallowing.  In  Fishes  and  other  aquatic  animals,  to  have 
introduced  the  necessary  amount  of  the  dense  element  they  inhabit  into 
the  interior  of  the  system,  would  have  occasioned  an  immense  expenditure 
of  muscular  power  ;    and  the  required  purpose  is  answered  by  sending  the 

•  Thus,  in  Asphyxia  (§117  note)  the  deficient  supply  of  arterialised  blood  to  the  brain 
soon  paralyses  its  functions ;  and  the  nervous  stimulus  required  for  the  respiratory  ino?e- 
ments  being  withheld,  those  movements  cease.  But,  if  the  chest  be  artificially  inflated, 
and  emptied  again  by  pressure,  and  these  alternate  movements  be  suflficiently  prolonged 
to  re-excite  the  circulation  of  the  blood  through  the  lungs,  by  aerating  that  which  had 
been  stagnated  there,  the  whole  train  of  vital  actions  may  be  again  set  in  motion.  Or,  if 
the  cessation  of  the  respiratory  movements  result  from  a  cause  primarily  affecting  the 
nervous  system — as  when  narcotism  is  induced  by  poisoning  with  opium — and  the  blood 
be,  in  consequence,  stagnated  in  the  lungs  by  the  want  of  aeration,  this  change,  so  essen- 
tial to  the  continuance  of  vitality,  may  be  prolonged  by  artificial  respiration,  until  the 
narcotism  subsides,  unless  the  dose  have  been  too  powerful. 
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blood  to  meet  the  water,  which  is  in  apposition  with  the  external  snrface. 
And  in  those  simple  gelatinous  creatures,  in  which  the  fluids  appear 
equally  difPiised  through  the  whole  system,  their  required  aeration  is 
effected  by  the  simple  contact  of  the  water  with  the  general  surface  :  the 
stratum  in  immediate  apposition  with  it  being  renewed,  either  by  their 
own  change  of  place  ;  or,  if  they  are  fixed  to  a  particular  spot,  through  the 
means  they  possess  of  creating  currents,  by  which  their  supply  of  food  is 
brought  to  them.  And,  going  still  further,  we  find  in  Plants,  the  essen- 
tial part  of  the  fimction  of  Respiration  performed  without  any  movement 
whatever ;  the  wide  extension  of  the  surface  in  contact  with  the  atmosphere 
affording  all  the  requisite  facihty  for  the  aeration  of  the  circulating  fluid. 

256.  A  brief  but  comprehensive  view  of  the  vital  phenomena  common 
to  all  living  beings,  as  well  as  of  those  pecuhar  to  the  Animal  kingdom, 
exhibiting  their  mutual  dependence,  and  distinguishing  their  essential 
conditions  from  those  which  are  superadded  or  accidental,  will  assist  in 
the  due  appreciation  of  the  details  hereafter  to  be  given  as  to  their 
individual  character.  In  all  Uving  beings,  the  appropriation  of  alimentary 
matter  from  without, — ^its  conversion  into  a  nutritious  fluid,  of  which  the 
elements  supply  materials  for  the  growth  and  renovation  of  the  fabric,  and 
thus  maintain  its  vital  properties, — and  the  excretion  of  the  particles  unfit 
for  these  purposes, — constitute  the  sum  of  the  vital  acts  by  which  the 
existence  of  the  individual  is  immediately  supported.  If  due  allowance 
be  made  for  the  differences  occasioned  by  the  possession  of  the  faculties  of 
sensation  and  voluntary  motion,  it  will  be  found,  on  close  examination,  that 
there  is  a  ftmdamental  correspondence  in  the  mode  in  which  these  processes 
are  performed  in  all  the  members  both  of  the  Animal  and  Vegetable  king- 
doms ;  their  apparent  differences  resulting  from  the  necessary  adaptation 
of  their  organs  to  the  respective  conditions  of  their  existence.  These  func- 
tions are,  therefore,  pecuHarly  vital;  and  are  spoken  of  as  constituting  the 
organic  or  vegetative  life  of  the  being. 

257.  But  the  maintenance  of  individual  life  is  not  all  that  is  required 
from  the  powers  of  an  animated  body.  It  has  been  stated  (§  180)  to  be 
a  general  law  of  organisation,  that  all  organised  structures  must  be 
produced  by  others  previously  existing ;  no  living  being  ever  taking  its 
origin  from  spontaneous  combinations  of  inorganic  matter.*     Since,  then, 

•  In  cases  which  have  been  thought  to  support  the  contrary  doctrine,  such  as  the 
appearance  of  parasitic  Fungi  (§93 — 6)  on  decaying  organised  substances,  the  production 
of  Animalcules  in  decomposing  infusions  (§  147),  or  the  existence  of  Entozoa  in  the 
animal  tissues  (§  129),  a  different  explanation  may  fairly  be  offered ;  as  it  is  impossible  to 
prove  in  any  of  these  cases  that  germs  were  not  in  reality  present.  The  admission  that 
the  beings  which  appear  with  such  remarkable  uniformity  in  these  situations,  have  really 
an  origin  from  pre-existing  organisms,  becomes  much  easier  if  it  be  admitted  on  the  other 
side  (as  it  seems  reasonable  to  do),  that  the  form  of  the  being  which  is  there  produced 
need  not  always  correspond  with  that  which  afforded  the  germ.  This  subject  will  be 
be  more  fully  enquired  into  hereafter  (chap,  xiii.) 
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the  limited  duration  of  each  individiial  existence  wonld  soon  occasion  the 
extinction  of  the  race,  if  no  provision  were  made  for  perpetoating  it,  the 
necessity  for  a  succession  of  new  creations  can  only  he  ohviated,  by  the 
endowment  of  each  organism  with  the  means  of  preparing  a  germ,  which, 
when  sufficiently  mature,  may  support  an  independent  existence,  execute 
all  the  vital  changes  which  are  characteristic  of  the  form  it  has  assumed, 
and  in  its  turn  originate  new  beings  by  a  similar  process.  This  function, 
which  is  common  to  all  hving  beings,  is  termed  that  of  Reproduction. 

258.  Now,  it  may  be  observed,  before  proceeding  further,  that  there 
is  a  certain  degree  of  antagonism  between  the  nutritive  and  reproductive 
ftmctions,  the  one  being  executed  at  the  expense  of  the  other.  The 
reproductive  apparatus  derives  the  materials  of  its  operations  through  the 
nutritive  system,  and  is  entirely  dependent  upon  it  for  the  continuance 
of  its  Amction.  If,  therefore,  it  be  in  a  state  of  excessive  activity,  it 
will  necessanly  draw  off  from  the  individual  fabric  some  portion  of  the 
aliment  destined  for  its  maintenance.  It  may  be  universally  observed 
that,  where  the  nutritive  Amotions  are  particularly  active  in  supporting 
the  individual  the  reproductive  system  is  in  a  corresponding  d^ree 
undeveloped, — and  vice  versd.  Thus,  it  has  been  stated  that  in  the 
Algae,  the  dimensions  attained  by  single  plants  exceed  those  exhibited  by 
any  other  organised  being;  and  in  this  class  the  fructifying  system  is  often 
obscure,  and  sometimes  even  undiscoverable.  In  the  Fungi,  on  the  other 
hand,  the  whole  plant  seems  made  up  of  reproductive  organs ;  and  as 
soon  as  these  have  brought  their  germs  to  maturity,  it  ceases  to  exist. 
In  the  Flowering-Plant,  moreover,  it  is  well  known  that  an  over-supply  of 
nutriment  will  cause  an  evolution  of  leaves  at  the  expense  of  the  flowers, 
so  that  what  actually  would  have  been  flower-buds,  are  converted  into  leaf- 
buds  ;-— or  the  parts  of  the  flower  essentially  concerned  in  reproduction, 
namely,  the  stamens  and  pistil,  are  converted  into  foliaceous  expansions, 
as  in  the  production  of  double  flowers  from  single  ones  by  cultivation ; — 
or  the  fertile  florets  of  the  disk  in  composite  species,  such  as  the  Dahlia, 
are  converted  into  the  barren  but  expanded  florets  of  the  ray.  And  the 
gardener  who  wishes  to  render  a  tree  more  productive  of  fruit,  is  obliged 
to  restrain  its  luxuriance  by  pruning,  or  to  limit  its  supply  of  food  by 
trenching  round  the  roots. 

259.  The  same  antagonism  may  be  witnessed  in  the  Animal  Kingdom  ; 
but  as  a  third  element  (the  sensory  or  locomotive  apparatus)  here  comes 
into  operation,  it  is  not  always  so  apparent.  It  appears  to  be  a  universal 
principle,  however,  that  during  the  period  of  rapid  grov«rth,  when  all  the 
energies  of  the  system  are  concentrated  upon  the  perfection  of  its  indi- 
vidual structure,  the  reproductive  system  remains  dormant,  and  is  not 
aroused  until  the  comparative  inactivity  of  the  nutritive  functions  allows 
it  to  be  exercised  without  injury  to  them.  Thus,  in  the  Larva  condition 
of  the  Insect,  the  assimilation  of  food  and  the  increase  of  its  bulk  seem 
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the  sole  objects  of  its  existence  (§  120)  ;  its  locomotive  powers  are  only 
adapted  to  obtain  nourishment  that  is  within  easy  reach,  to  which  it  is 
directed  by  the  position  of  its  egg,  and  by  an  unerring  instinct  that  seems 
to  have  no  other  end.  The  same  is  the  case,  more  or  less,  with  all  young 
fmiTnitls ;  although  there  are  few  in  which  voracity  is  so  predominant  a 
characteristic.  In  the  Imago,  or  perfect  Insect,  on  the  other  hand,  the 
fulfilment  of  the  purposes  of  its  reproductive  system  appears  to  be  the 
chief  and  often  the  only  end  of  its  being.  The  increased  locomotive 
powers  which  are  conferred  upon  it,  are  evidently  designed  to  enable  it  to 
seek  its  mate ;  its  instinct  appears  to  direct  it  to  this  object,  as  before  to 
the  acquisition  of  food ;  it  now  shuns  the  aliment  it  previously  devoured 
with  avidity,  and  ^quently  dies  as  soon  as  the  foundation  is  laid  for  a 
new  generation,  without  having  taken  any  nutriment  from  the  period  of 
its  first  metamorphosis.  In  the  adult  condition  of  the  higher  Animals, 
again,  it  is  always  found  that,  as  in  Plants,  an  excessive  activity  of  the 
nutritive  ftmctions  indisposes  the  system  to  the  performance  of  the  repro- 
ductive ;  a  moderately-fed  population  multiplying  (ceteris  paribus)  more 
rapidly  than  one  habituated  to  a  plethoric  condition. 

260.  There  is  no  reason  to  believe  that  Vegetables  possess  anything 
like  the  consciousness  which  we  know  to  exist  in  ourselves,  and  which, 
from  the  analogy  of  its  manifestations,  we  believe  to  exist  in  other  Ani- 
mals.    In  man,  this  consciousness  is  but  the  foundation  of  a  series  of 
mental  operations,   in  which  many  different  classes  of  actions  may  be 
recognised.     These  may  altogether  be  spoken  of  as  resulting  from  his 
psychiccd  endowments.     Whether  those  endowments  are  to  be  regarded  as 
properties,  resulting  from  certain  dispositions  of  matter,  or  whether  matter 
afiPords  only  the  mechanism  by  which  they  are  brought  into  relation  with 
the  external  world,  is  a  question  more  of  speculative  interest  than  of 
practical  importance.     That  in  descending  the  animal  scale,  this  mecha- 
nism becomes  less  and  less  complex,  and  the  psychical  powers  themselves 
less  numerous  and  varied,  until  they  are  at  last  reduced  to  little  else  than 
mere  consciousness,  is  acknowledged  by  all.     And  it  is  thus  seen  that  the 
Animal  Kingdom  has  no  more  distinctive  separation  from  the  Vegetable, 
than  its  principal  groups  exhibit  amongst  each  other.     The  psychical 
endowments  of  animals,  in  whatever  degree  possessed,  require  for  their 
exerdse  the  means  of  information  as  to  the  condition  of  the  external 
world,  which  is  afforded  by  the  faculty  of  sensation  ;  as  well  as  the  capa- 
bility of  altering  their  own  relation  to  it,  which  is  effected  by  the  apparatus 
of  locomotion.     These  frmctions  then  are  peculiarly  animal  in  their  cha- 
racter, and  they  are  spoken  of  as  constituting  animal  life,  in  contradis- 
tinction to  those  of  organic  life. 

261.  "When  the  Animal  functions  are  reduced  to  their  lowest  degree,  it 
is  often  very  difficult  to  obtain  satisfactory  evidence  of  their  being  exer- 
cised at  all ;  since  their  manifestations  scarcely  differ  from  those  organic 
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changes  which  may  occur  without  their  participation.  Thus,  when  the 
tentacula  of  the  Hydra  or  other  polypes  are  touched,  they  suddenly  con- 
tract, and  endeavour  to  enclose  the  substance  which  affects  them ;  but 
from  such  actions  alone,  we  should  have  no  right  to  infer  that  either 
sensation  or  Tohtion  are  possessed  by  this  being,  since  the  Sensitiye  plant 
and  the  Dionsea  perform  movements  precisely  analogous  (chap,  xv.)  We 
observe,  too,  that  the  gemmules  of  the  Sponges  and  Pol3rpes  swim  about 
for  some  time  previously  to  fixing  themselves,  apparently  with  a  choice  of 
direction,  and  a  perception  of  obstacles ;  yet  the  sporules  of  many  Algse 
are  almost  equally  active,  and  it  would  be  difficult  to  point  out  any 
essential  difference  between  the  two  instances.  In  many  cases,  too,  the 
influence  of  external  causes,  such  as  movement  of  the  fluid  itself,  or  the 
attraction  of  other  bodies,  renders  it  impossible  to  determine  what  are 
volimtary  motions,  and  what  are  therefore  to  be  regarded  as  possessing  an 
exclusively  animal  character. 

262.  All  physiologists  agree  that  stntcture  alone  presents  no  certain 
diagnostic  mark,  by  which  the  simplest  and  most  approximated  groups  of 
the  two  kingdoms  may  be  distinguished.  In  the  higher  classes  of  Animals 
we  may  detect  certain  organs  which  we  know  by  experience  to  minister  to 
their  peculiar  functions ;  but  these,  becoming  gradually  simpUfied  as  we 
descend  the  scale,  at  last  disappear  altogether  (at  least  to  our  means  of 
observation),  whilst  some  degree  of  the  functions  appears  still  to  remain. 
Again,  there  are  certain  modifications  which  the  apparatus  of  organic  life 
is  seen  to  undergo  in  the  higher  animals,  for  the  purpose  of  adapting  it  to 
the  conditions  of  their  existence ;  and  upon  these  some  naturalists  have 
relied  as  diagnostic  peculiarities  (§  281).  But  these  also  are  perceived  to 
disappear,  as  the  psychical  endowments  of  the  beings,  and  the  organs  by 
which  they  are  brought  into  relation  with  the  external  world,  occupy  a 
less  prominent  situation.  This  has  been  already  seen  with  regard  to  the 
symmetrical  disposition  of  the  parts  of  the  fabric ;  and  it  will  be  hereafter 
shown  in  more  detail,  when  the  individual  organs  are  described. 

263.  On  the  other  hand,  in  proportion  to  the  complexity  and  extent 
of  the  psychical  endowments  of  each  species  of  animals,  may  their  influ- 
ence over  the  conformation  of  the  organic  structure  be  perceived  ;  so  that 
it  becomes  more  and  more  removed  from  that  which  is  presented  by  vege- 
tables, the  chief  end  of  whose  existence  appears  to  be  the  elaboration  of 
such  a  structure  from  the  elements  furnished  by  the  inorganic  world.  In 
man,  the  being  that  possesses  the  largest  share  of  these  capabiHties,  the 
whole  apparatus  of  organic  hfe  would  seem  destined  but  to  serve  for  the 
maintenance  of  the  animal  functions.  The  processes  of  nutrition  are  here 
chiefly  directed  towards  perfecting  the  nervous  and  muscular  systems,  and 
bringing  their  functions  into  most  advantageous  operation ;  whilst  in  many 
of  the  lower  animals  this  would  seem  quite  a  subordinate  object,  the 
extension  of  the  organs  of  vegetative  life  being,  as  in  plants,  the  direction 
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;n  by  their  development.     Hence  it  may  be  stated  geuerally,  that  the 

e  exalted  is  the  animahly  of  any  particular  being  (or,  in  other  words, 

e  complete  the  manifestation  of  characters  peculiarly  animal),  iho 

■more  closely  are  the  organic  functions  brought  into  relation  with  it.* 

264,  Yet,  however  intimate  may  be  the  bond  of  union  between  the 

p  Organic  and  animal  functions,  the  former  are  never  immediately  dependent 
iqmn  the  latter;  although,  as  it  has  been  already  shown  (%  37  and  254), 
they  sometimes  depend  upon  them  tor  the  conditions  of  their  maintenance. 
ITiere  is  no  good  reason  to  beheve  that  "  nervous  agency"  is  essential  to 
the  processes  of  nutrition  and  secretion  in  Auimdls,  any  more  than  to  the 
corresponding  processes  in  Plants.  This  is  a  question  which  may  be  more 
certainly  determined  by  ohterealion  than  by  any  experiment  which  can  bo 
nude.  That  they  are  very  readily  influenced  by  changes  in  the  condition 
of  the  nervous  system,  is  nniversally  admitted  ;  and  it  is  the  iiitimatiy  of 
this  connection  wliich  has  given  rise  to  the  idea  of  a  relation  of  dependence, 
and  which  prevents  that  idea  from  being  disproved.  In  order  to  cut  off 
all  nervous  communication  from  any  portion  of  the  organism — a  gland  tor 
eiample, — so  riolent  an  operation  is  required  (involving  no  less  than  the 
complete  division  of  the  blootl- vessels,  on  which  a  plexus  of  ganglionic 
nerves  is  minutely  distributed),  that  it  is  impossihie  to  say,  that  the  dis- 
torbonce  of  the  function  may  not  be  owing  to  the  shock  produced  on  the 
lenerttl  system.  Obsen'ation,  however,  shows  us  that  these  processes  are 
performed  in  the  most  complex  and  elaborate  manner  by  vegetables,  in 
which  all  the  attempts  that  have  been  made  to  prove  the  existence  of  a 
nervous  system  have  signally  failed,  (these  attempts  seeming  to  have  been 
only  excited  by  an  indisposition  to  admit  the  possibility  of  any  vital 
actions  being  independent  of  "nervous  influence"}; — that  the  lowest 
snimals  appear  equally  destitute  of  a  nervous  apparatus  destined  to  influ- 
ence thenij'^and  that  in  the  higher  classes  we  find  such  an  apparatus 
developed,  just  in  proportion  as  the  necessity  arises,  from  the  com])lication 
anii  specialisation  of  the  organic  functions,  for  their  being  harmonised  and 
kept  in  sympathy  with  each  other  and  with  the  conditions  of  the  animal 
lyatem,  by  some  mode  of  communication  more  certain  and  direct  than 
tliat  afforded  by  the  circulating  apparatus,  which  is  their  only  bond  of 
union  in  plants  .i" 

•  A  simple  illiulration  will  render  this  evident.  In  certain  of  the  (owcr  tribes  of  animals 
■bose  locorootiie  puwets  ore  feeble  and  general  habits  inactive,  the  eircuLition  of  nutritive 
fluid  is  cairied  on  nemly  in  the  same  miuiiicr  as  in  plants;  there  is  no  central  organ  for 
pRIpeiling  it  thmugh  the  veselti,  and  ensuring  its  regulnr  and  equable  distribution  ;  and 
its  motioa  appears  dependent  upon  the  furcea  crenled  in  the  individual  parts  themselves. 
In  the  higher  classes,  on  the  other  hand,  the  comparativeaetivitf  of  all  the  functions,  and  the 
peculiar  dependence  of  those  of  animal  life  upon  a  constant  supply  of  this  vital  Btimuius, 
require  a  mnch  more  elaborate  apparatus,  and  especially  a  caotral  power,  by  which  the 
motements  of  the  fluid  in  the  individual  parts  may  be  harmonised,  directed,  and  controlled, 
f  This,  it  maybe  safely  affirmed,  is  all  that  baa  yet  been  proi'Aj  of  the  tVinctions  of  the 
sympathetic  otganslioiiic  system  of  nerves;  and  any  bypoUl<»ii  which  presumes  ftirther. 
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265.  The  Abrntrpiiam  of  afimentarT  materials  is  the  first  in  the  tram  of 
Tital  operatioiis,  and  is  common  to  Hants  and  Awimalg,  altboo^  per- 
formed nnder  somewhat  different  conditions  in  the  two  Kingdoms.  The 
pUtmt  derives  its  support  immediately  firom  the  snrronnding  elements;  it  is 
fixed  in  the  spot  where  its  germ  was  cast ;  and  it  neither  possesses  a  will 
to  move  in  search  of  food,  nor  any  locomotive  organs  for  so  doing.  By  the 
pecoliar  structure  of  its  roots,  however,  it  is  endowed  with  some  power  of 
obtaining  aliment  not  immediately  within  its  readi  (§  293).  The  animal 
possesses  a  recipient  cavity,  in  which  its  food,  consisting  of  matter  pre- 
vionslj  organised,  undergoes  a  certain  preparation  or  dtgegtion,  before  it 
is  taken  up  by  the  absorbents,  which  are  distributed  on  its  sides.  The 
introduction  of  food  into  this  cavity,  or  its  imgettiomy  seems  more  and 
more  dependent  upon  the  animal  functions,  in  proportion  as  we  ascend 
the  scale.  The  ciliary  movements  of  the  lower  classes  of  animals,  which 
produce  currents  of  such  rapidity  in  the  water  that  surrounds  them,  and 
thus  bring  a  supply  of  food  to  the  entrance  of  the.  digestive  cavity,  are 
probably  to  be  regarded  as  of  the  same  involuntary  character  as  those 
which  exist  in  the  higher  (§  146).  In  animals  of  more  complex  structure, 
the  process  of  obtaining  food  requires  a  much  greater  variety  of  move- 
ments, which  are  evidently  dependent  on  the  muscular  and  nervous 
systems ;  but  these  may  still  be  regarded  as  not  involving  changes  of  a 
strictly  mental  character.  Rising  still  higher,  however,  we  find  the 
psychical  endowments  of  the  animal  evidently  concerned  in  procuring  its 
support ;  and  in  man,  where  they  exist  in  their  greatest  amount,  the  com- 
parative imperfection  of  the  bodily  structure  increases  the  reliance  upon 
them.  (chap,  v.) 

266.  The  alimentary  materials  taken  up  by  the  absorbent  system,  are 
carried  by  the  Circulation  into  all  parts  of  the  fabric.  This  movement,  so 
evident  in  the  highest  classes  of  plants  and  animals,  becomes  less  necessary 
in  the  lower,  where  the  absorbent  surface  is  in  more  immediate  relation 
with  the  parts  to  be  supplied  with  nourishment  (§  325).  Besides  afford- 
ing this  continued  supply,  the  circulating  system  carries  the  vital  fluid  to 
certain  organs,  destined  to  separate  from  it  the  impurities  it  may  have  con- 
tracted in  its  course,  to  maintain  the  necessary  balance  between  its  different 
ingredients,  and  to  effect  other  changes  whose  nature  is  httle  understood. 
This  function,  in  animals  as  in  plants,  is  entirely  independent  of  the  will, 
and,  in  its  usual  condition,  is  unaccompanied  with  consciousness.  The 
muscular  apparatus  is  concerned  in  it  only  to  harmonise  it  with  the  con- 
ditions of  animal  existence  (§  37) ;  and  nervous  agency  merely  brings  it 
into  sympathy  with  other  operations  of  the  corporeal  and  mental  systems. 
(chap.  VI.) 

must  be  regarded  as  unphilosophical,  because  unnecessary  to  explain  facts.  The  onut 
probandi  certainly  rests  with  those  who  maintain  what  is  contrary  to  the  important  analogy 
just  adduced,  and  not  with  those  who  frame  their  opinions  in  harmony  with  it. 


267.  Besides  amveying  to  the  various  tissues  the  materials  required 
T  tbdr  renovation,  and  serving  as  the  stimulus  necessary  to  the  perform- 
ance of  their  fimctions,  the  current  of  L-irculating  fluid  takes  np,  in  animals 
eapeciallj',  the  particles  whirh  hare  discharged  their  duty  in  the  structure, 
and  which  are  either  to  be  rendered  again  subservient  to  the  process  of 
nutrition,  by  admixture  with  alimentary  matter  newly  absorbed,  or  to  be 
separated  from  the  general  mass,  and  tarried  out  of  the  system.  This 
fiinetion  is  termed  InterstUiitl  Jhwrjttion;  and  it  is  performed,  in  the 
higher  animals,  by  a  special  vascular  apparatus,  (chav.  vii.) 

268.  The  alimentary  materials  first  taken  up  by  the  absorbents  must 
ondei^  various  changes  before  they  become  part  of  the  organised  fabric. 
It  is,  in  fact,  in  these  changes  that  the  Life  of  the  being  essentially  con- 

Uiose  already  mentioned  being  merely  subservient  to  them.  There 
much  difficulty  in  tracing  them  with  precision,  either  in  the  animal  or 
vegetable  systems.  The  first  which  is  pfreeptible,  is  the  formation  of 
organisahle  prodticta  by  a  new  combination  of  the  elements  supplied  by 
the  food.  Tliis  appears  to  commcaee,  in  Tegetablea,  as  soon  as  these 
elements  are  absorbed ;  and  the  same  may  probably  be  said  with  regard 
to  animab,  though  the  preparatory  jtrocess  of  digestion  seems  to  partake 
The  organisation  of  the  combinations  thus  formed,  appears  to 
ee  whilst  they  are  still  diffused  through  the  circulating  fluid,  and 
they  simnitaneoiisly  become  possessed  of  vital  properties.  The  elaborated 
sap  of  plants,  and  the  chyle  and  blood  of  animals,  contain  these  organisa- 
ble  products  in  abundance,  but  not  in  a  state  of  mere  admixture ;  and 
the  existence  of  regidar  globules  in  them,  resulting  from  incipient  organ- 
isation, appears  to  be  a  characteristic  of  nutritious  fluids.  From  these 
materials  the  individual  tissues  of  the  fabric  are  created  and  renewed,  by 
the  process  of  Nutrition ,-  each  deriving  from  the  blood  the  portion  which 
its  composition  requires.  This  process  is  influenced,  through  the  nervous 
system,  hy  conditions  of  the  mind  or  of  the  general  fabric ;  but  it  does  not 
seem  to  depenii  upon  that  system  for  its  maintenance,  (chap,  viii.) 

269.  In  order  to  preserve  the  circulating  fluid  in  the  state  required 
for  the  due  performance  of  its  important  functions,  means  are  proridcd 
for  separating  and  carrying  out  of  the  system  whatever  may  be  superfluous 
or  injurious  in  its  constituent  parts ;  as  well  as  for  elaborating  fiiim  it 
certain  fluids  having  a  destined  use  in  the  economy.  These  changes  may 
be  comprehended  in  the  general  term  Secretion,  the  former  constituting 
the  function  of  Excretion.  This  is  one  no  less  important  to  the  health  of 
the  system  than  the  absorption  of  aliment ;  and  in  proportion  to  the  com- 
plexity of  the  structure,  we  find  a  mulriphcation  of  the  excreting  organs, 
as  well  as  a  variety  in  their  products.  The  loss  of  fluid  by  Exhalation, 
and  of  superfluous  carbon  by  Respiration,*  arc  constant,  however,  in  all 


living  beinga.  The  erolution  of  heat  and  light  appear  to  result,  w] 
they  occur,  from  a  peculiar  modification  of  this  fiinction ;  and 
electricity  depends  upon  similar  changes.  These  changes  seem  to 
no  more  immediate  dependence  upon  the  nervous  system  than 
nutrition ;  and  they  will  take  place,  to  a  certain  extent,  after  the 
extinction  of  the  animal  powers.  They  are,  however,  most  intimately 
dependent  upon  the  maintenance  of  tbe  circulation,  and  soon  come  to  an 
eud  if  that  ceases ;  but  it  is  probable  that,  in  particular  cases,  they  are 
kept  up  by  the  capUlari/  circulation,  after  the  action  of  the  heart  it'' 
extinct,  (cbap.  ix.— yii.) 

270.   The  essential  difference  between   the   function  of  Reprodacl 
and  that  of  Nutrition  consists  in  this, — that  in  the    latter   case 
alimentary  materials  are  appropriated  in  renovating  the  structures  of 
indiviiluat, — whilst  in  the  former  they  are  apphed  to  the  production  of" 
new  structure,  which  is  for  some  time  a  part  of  the  parent  being, 
which  suhseijuently  becomes  a  new  individual.     In  the  lowest  classes 
Plants  and  Animals  we  often  find  these  two  functions  completely  bleni 
together  ;    thus,  in  the  Ycast-Fnngus  (§  98),  and  Blue-Mould  (§  9! 
each  cell  composing  the  filaments  may  be  regarded  as  a  part   of  the 
parent  structure,  or  aa  a  new  individual,   being  capable   of  living  and 
multiplying  by  itself.      In  many  of  the  inferior  tribes,  a  single  oi^an 
only  is  necessary  for  the  production  and  maturation  of  the  gei 
the  process  then   goes  on  as  regularly  and  uninterruptedly  m 
the  nutritive  functions.      Even  where  two  distinct  kinds  of  organs 
necessary,  it  may  proceed  without  any  interference  of  will,    or   excite- 
ment of  consciousness,  on  the  part  of  the  individual ;  for  these  may  be 
united  in  the  same  being,  as  in  hermaphrodite  ilowers ;  or,  if  separated, 
as   in   moncecious  species,  their  functions  may  be  made  to  concur  by 
external  influences.*     There  are  some  animals  in  which  the  two  classes 
of  organs  arc  united  in  the  same  individual ;  and  tbe  actions  necessary  to 
bring  them  in  relation  are  probably  of  a  purely  instinctive  character,  hke 
those  which  are  designed  to  bring  food  to  the  digestive  organs.     But  in 
the  higher  classes,  where  the  organs  exist  in  separate  individuals,  the 
wdl,  excited   by    a   powerfully-stimulating  propensity,    is  evidently    the 
Instrument  by  which  they  are  brought  into  relation  with  oue  another ; 
and  in  man,  where  this  propensity  is  connected  with  a  nobler  and  purer 
passion,  not  only  the  will,  but  the  highest  powers  of  the  intellect  are  put 
in  action  to  gratily  it.     But  even  here,  the  essential  part  of  the  function 
is  as    completely    independent  of  mental   influence  as   in  the  plant  or 
simplest  animal,  (chap,  xiii.,  xiv.) 

271.  The  function  of  Mtucular  Contraction,  to  which  nearly  all 

•  Thiia,  the  pollon  of  one  flower  is  ofien  conveyed  to  the  sligma  of  a 
dietance,  bj  the  agenvy  of  the  wind,  insects,  &c. 
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sensible  motions  of  the  higher  Animals  are  due,  is  one  which  has  an 
important  connection  with  almost  every  one  of  the  vital  operations; 
although,  as  already  explained,  this  connection  is  mostly  of  an  indirect 
character.  The  property  of  contractility  on  the  apphcation  of  a  stimulus 
is  not,  however,  confined  to  animals ;  since  it  is  possessed  by  many  of  the 
vegetable  tissues,  and  has  an  important  relation  with  their  nutritive 
processes.  In  the  lowest  animals,  also,  it  seems  generally  diffused 
through  the  system ;  and  appears  to  be,  in  Uke  manner,  generally  excited 
by  external  stimuli.  But  in  the  higher  classes,  it  is  concentrated  in  a 
special  texture,  and  is  called  into  operation  by  a  new  stimulus,  the 
nervous  power,  which  originates  in  the  individual  itself.  By  this  means 
it  is  brought  under  subordination  to  the  will,  and  is  made  the  instrument 
of  changing  the  relations  between  the  bodily  system  and  the  external 
world,  (chap.  XV.) 

272.  The  functions  of  the  nervous  system  are  twofold.  First,  to 
bring  the  conscious  mind,  (using  that  term  in  its  most  extended  sense,  to 
denote  the  psychical  endowments  of  animals  in  general,)  into  relation 
with  the  external  world;  by  informing  it,  through  the  medium  of  the 
organs  of  sensation,  of  the  changes  which  material  objects  undergo ;  and 
by  enabling  it  to  act,  through  other  appropriate  organs,  upon  various  beings, 
animate  and  inanimate.  And  also,  to  connect  and  harmonise  different 
actions  in  the  same  individual,  without  necessarily  exciting  any  mental 
operation.  But,  in  the  words  of  a  profound  writer  on  this  subject, 
*'  mental  acts,  and  bodily  changes  connected  with  them,  are  not  merely 
mperadded  to  the  organic  life  of  animals,  but  are  intimately  connected 
or  interwoven  with  it;  forming  in  the  adult  state  of  all  but  the  very 
lowest  animals,  part  of  the  conditions  necessary  to  the  maintenance  of  the 
quantity,  and  of  the  vital  quahties,  of  the  nourishing  fluid  on  which  all 
the  oi^anic  life  is  dependent."*  "  The  nervous  system,"  it  is  elsewhere 
remarked  by  the  same  author,  "  lives  and  grows  within  an  animal,  as  a 
parasitic  plant  does  in  a  vegetable;  with  its  life  and  growth,  certain 
sensations  and  mental  acts,  varying  in  the  different  classes  of  animals,  are 
connected  by  nature  in  a  manner  altogether  inscrutable  to  man ;  but  the 
objects  of  the  existence  of  animals  require  that  these  mental  acts  should 
exert  a  powerful  controlling  influence  over  all  the  textures  and  organs 
composing  an  animal."  It  will  hereafter  be  shown  that  this  influence  is 
exerted,  just  in  proportion  to  the  development  of  the  nervous  system ;  and 
that,  whilst  in  the  lowest  Animals  the  functions  of  organic  life  are  per- 
formed nearly  under  the  same  conditions  as  in  Plants,  they  are,  in  the 
highest  classes,  dependent   for  their  maintenance   upon   its   operations. 

(chap.  XVI.) 

•  Alison^s  Physiology,  p.  13. 


BOOK  n. 


SPECIAL  AND  COMPARATl\^  PHYSIOLOGY. 


CHAPTER  V. 
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General  Ckmnderatiomt. 

273.  It  has  been  stated  that  the  peculiar  diancteristic  of  Ihii^ 
in  f^jenenlf  is  the  power  which  eadi  possesses  of  maintaining,  for  a  certain 
[lerirjd,  its  regular  external  form  and  internal  stmctnre,  in  defiance  of  the 
iunmmm  physical  properties  of  its  component  parts ;  whilst,  at  the  same 
time,  all  these  parts  are  nndergoing,  in  greater  or  less  degree,  alterations 
\Hjih  in  composition  and  conformation.  If  we  consider  the  development  of 
any  one  germ,  from  the  time  of  its  first  quitting  the  parental  system  to  its 
final  decay,  we  observe  that  it  is  not  so  much  the  structure  itself  wluck  is 
funiished  by  the  parent  (as  from  a  superficial  view  of  the  reproductive 
function  in  the  higher  animals  we  might  be  led  to  suppose),  as  the  capa- 
hility  of  forming  that  structure,  by  the  conversion  of  the  materials  suppUed 
by  the  external  world  into  organised  tissues,  endowed  with  peculiar  and 
diversified  properties, — ^which  process  is  termed  assimilation.  These  mate- 
rials, then,  constitute  the  aliment  necessary  for  the  first  development  of 
the  living  system ;  and  in  proportion  to  the  activity  of  its  operations  will 
be  the  oc;casion  for  their  supply.  Thus,  the  larvae  of  the  Flesh-fly  pro- 
i\\xvAti\  from  the  (»ggs  laid  in  carrion  are  said  to  increase  in  weight  200  times 
in  the  (^iirsc  of  twenty-four  hours ;  and  their  voracity  is  consequently  so 
grctat,  that  it  was  maintained  by  Linnaeus  that  three  individuals  and  their 
immediate  progeny  (each  female  giving  birth  to  at  least  20,000  young,  and 
a  f(tw  (lays  sufficing  for  the  production  of  a  third  generation,  would  devour 
th(*  vMvv.mi*  of  a  horse  with  greater  celerity  than  a  lion  (see  also  §  120). 
A  Mtill  more  extraordinary  instance  of  rapid  growth  is  found  in  the  Vegetable 
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kingdom.  The  Bovista  giganteum,  a  large  Fungus  of  the  pufP-hall  trihe, 
has  heen  known  to  increase  in  one  night  from  the  size  of  a  mere  point  to 
that  of  a  huge  gourd,  estimated  to  contain  47,000,000,000  cellules. 

2/4.  But  the  supply  of  aliment  is  not  required  only  for  the  original 
deTelopment  of  the  organism,  hut  for  the  continued  maintenance  of  the 
perfect  structure  and  properties  of  its  various  parts.  The  tendency  to 
decomposition  exists  not  only  in  dead  Animal  or  Vegetable  matter,  hut  in 
the  living  tissues ;  and,  as  it  has  heen  already  stated  (§  1 9),  it  does  not 
seem  improhahle  that  the  peculiar  influence  of  Vitality  is  not  so  much 
exercised  in  resisting  that  tendency  (as  some  have  supposed),  as  in  pro- 
viding for  its  effects  hy  the  removal  or  deportation  of  all  particles  in  a 
state  of  incipient  decay.  It  seems  at  any  rate  certain,  that  the  process  of 
interstitial  absorption,  by  which  these  particles  are  carried  off,  is  performed 
in  each  tissue  with  an  activity  proportioned  to  its  tendency  to  spontaneous 
decomposition ;  and  it  is  very  evident  that  the  supply  of  new  ahmentary 
materials  must  be  at  least  equal  in  quantity  and  regularity.  This  may, 
therefore,  be  regarded  as  the  principal  source  of  the  continued  demand  for 
nutriment  in  the  adult  system. 

275.    Since  Hving  beings  have  not  only  to  maintain  their  existence  in 
the  midst  of  favourable  external  conditions,  but  are  liable  to  the  occasional 
infliction  of  disease  and  to  damages  resulting  from  mechanical  violence, 
they  would  be  urecoverably  injured  by  such  attacks,  were  it  not  that,  in 
the  nutritive  system,  the  means  are  provided  for  repairing  their  effects. 
The  regeneration  of  various  organs  and  tissues,  after  what  appeared  their 
total  destruction,  is  a  process  no  less  remarkable  than  their  first  formation, 
and  no  less  evidently  displays  the  foresight  of  the  original  Designer.     In 
many  of  the  harder  parts  both  of  Animals  and  Vegetables,  which  exhibit  so 
little  tendency  to  spontaneous  decay  as  to  be  capable  of  preservation  after 
death  to  an  almost  indefinite  period,  the  absorption  of  old  particles  and 
the  deposition  of  new  take  place  so  slowly  in  the  natural  condition,  as  to  be 
scarcely  perceptible ;  but  when  disease  or  injury  calls  the  actions  of  repa- 
ration into  play,  they  are  effected  with  a  rapidity  and  certainty  not  sur- 
passed in  any  other  parts  of  the  system.     The  other  demands  upon  the 
nutritive  functions  which  arise  out  of  the  conditions  of  the  organised  struc- 
ture are  principally  connected  with  its  physical  relations.    Thus,  where  the 
external  tegument  is  dense,  and  does  not  possess  within  itself  the  power  of 
adaptation  to  the  altered  form  of  the  body,  it  must  be  thrown  off  and 
replaced  by  a  new  one,  as  we  see  in  the  Crustacea  (§  117).     Again,  the 
constant  movements  of  the  body  necessarily  produce  a  waste  or  wearing 
away  of  the  materials  both  of  its  harder  and  softer  structures,  just  as  in 
any  piece  of  mechanism ;  hence  arises  one  cause  of  the  increased  demand 
for  nutriment  which  is  produced  by  continued  muscular  exertion.     This 
general  statement  will  suffice  to  show  the  connection  between  the  activity 
of  the  different  vital  processes,  and  the  dependence  of  the  being  upon  the 
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supply  of  new  materials  for  its  structures ;  since  upon  the  perfection 
these  structures  it  relies  for  the  performance  of  all  its  vital  nctions. 

2/6.  Amongst  the  general  differences  hetweien  the  Animal  and  Vegeti 
kingdoms,  none  are  more  striking  than  those  existing  between  the  alim( 
on  which  they  are  respectively  supported,  and  the  mode  of  their  tngeal 
or  introduction  into  the  system.  The  essential  nutriment  of  Plants  appears 
to  be  supphed  hy  the  inorganic  world,  and  to  consist  chiefly  of  water,  with 
certain  saline  impregnations,  and  carbon.  The  water  is  derived  partly  from 
the  fluid  which  percolates  the  soil,  and  partly  from  the  moisture  of  the 
atmosphere.  The  carbon  is  principally  obtained  from  the  carbonic  acid  of 
the  air ;  but  most  plants  require  for  their  healthy  growth  that  it  shall  be 
introduced  by  the  roots  also.  In  all  soils  of  moderate  richness  there  esistL 
a  large  quantity  of  the  remains  of  organised  structures,  the  upper  layer  <■ 
which  is  constantly  undergoing  some  degree  of  decomposition  by  couta|l 
with  the  atmosphere,  and  carbonic  acid  is  formed  in  it.  The  water  whkM 
traverses  such  a  soil,  therefore,  will  become  charged  with  this  gas,  just  as 
when  it  flows  from  a  spring  in  which  a  similar  disengagement  has  taken 
place  from  other  causes ;  and  this  state  of  solution  appears  to  he  that  in 
which  carbon  may  be  most  advantageously  introduced  into  the 
system.  It  does  not  seem  probable  that  the  ot^anic  matter  which 
soils  contain  is  itself  applied  to  the  nutrition  of  the  plant  without  this 
vious  decomposition ;  for  it  is  found  that  thdae  which  afford  the 
steady  and  equable  supply  of  carbonic  acid,  are  the  most  favourable 
vegetable  growth ;  and  that,  whilst  it  is  sometunes  necessary  to  retard 
decomposition  of  animal  manures  {which  may  disengage  carbonic  add  so 
rapidly  as  to  gorge  the  plants)  by  the  addition  of  charcoal,  it'  is  advan- 
tageous to  excite  fermentation  in  others  by  admixture  with  yeast.  The 
opinion  that  carbon  and  water  constitute  the  essential  food  of  plants  is  con- 
firmed by  the  fact,  that  many,  even  of  the  more  highly  organised  species, 
will  grow  in  circumstances  where  no  other  kind  of  nutriment  is  accessible 
to  them ;  and  no  one  is  ignorant  that  the  simpler  forms  of  Lichens  will 
appear  on  barren  rocks  in  the  midst  of  the  ocean,  increasing  by  absorption 
from  the  atmosphere  alone,  and  preparing  by  their  decomposition  a  nidus 
for  the  reception  of  the  germs  of  higher  orders  of  vegetation.  The  small 
amount  of  earthy  or  saline  matter  contained  in  the  tissues  of  such  plants, 
must  be  derived  from  the  atmosphere,  which  is  known  to  hold 
particles  lu  suspension.  A  constant  supply  of  the  mineral  iiigredi* 
naturally  found  in  the  tissue  of  each  species,  is  more  important  than: 
generally  supposed  ;  and  the  fertihty  of  a  soil,  and  the  efRcieui 
manure,  will  otleu  depend  as  much  upon  this  as  upon  any  other  cai 

277.  It  is  only  within  a  short  period,  that  the  dependence  of  the  actirity 
of  vegetation  upon  a  due  supply  of  nitrogen  has  been  ascertained.     This 
element  has  already  been  stated  {§  18)  to  exist  more  largely  in  the  Ve( 
table  tissues  than  hod  been  usually  supposed ;  and  there  appears 


1 


ENERAL    CONSIDERATIONS.  217 

I  to  believe,  that  it  is  introduced  in  the  form  of  ammonia,  a  Email 
K^pantttr  of  which  is  difliised  through  the  atmosphere,  condensed  from  it  in 
|.nin  and  dew,  and  absorbed  (as  is  also  carbonic  acid)  by  certain  porons 
I  mils,  such  ag  those  containing  gypsum.  It  is  interesting  to  remark,  that 
e  of  the  elements  of  the  Vegetable  structure  are  introduced  in  a  simple 
w  imcombined  state  into  the  plant ;  oxygen  and  hydrogen  are  combined  in 
I  water ;  oxygen  and  carbon  in  carbonic  acid ;  and  hydrogen  and  nitrogen 
Nitrogen  (in  the  form  of  ammonia)  is  regarded  by  Liebig* 
as  the  most  powerful  stimulant  to  the  vegetative  processes,  when  the  other 
requisite  conditions  are  adequately  sup}>Iied ;  and  he  urges  very  strongly 
the  importance  of  using  such  manures  as  contain  a  lai^  quantity  of  this 
gas,  and  yield  it  readily  and  equably.  Decomposing  animal  substances, 
esperaaUy  urine  and  other  highly-azotized  fluids,  are  the  most  i-aluable  in 
this  respect ;  and  by  the  careAd  collection  and  employment  of  these,  it  may 
be  anticipated  that  much  will  be  gained.  To  the  fertility  of  a  soil,  then, 
it  is  essential  that  it  yield  a  sufficient  and  regular  sujiply  of  moisture, 
carbonic  acid,  and  ammonia;  the  two  latter  bejng  either  attracted  from  the 
Mmospbere,  or  evolved  by  its  own  decomposition.  The  only  class  of  Plants 
which  seems  to  be  dependent  for  its  support  upon  matter  already  organised, 
is  that  of  Fungi, — a  group  of  peculiar  interest,  whether  we  regard  the 
rapidity  and  luxuriance  of  their  growth,  the  varied  forms  they  assume,  the 
importance  of  the  offices  they  perform,  or  the  universality  of  their  difliision, 
either  as  actively  vegetating  jilauts,  or  as  dormant  germs  ready  to  be  deve- 
loped upon  every  opportunity.  Like  Insects,  they  have  been  denominated 
the  '■  scavengers  of  nature,"  from  their  utility  in  removing  the  nosious 
jimducts  of  decomposition  ;  and  they  present  us  with  two  curious  analogies 
with  the  Animal  kingdom,  both  resulting,  no  doubt,  from  the  nature  of 
their  aliment.  The  large  quantity  of  carbonic  acid  with  which  their 
absorbent  system  fumislies  them,  prevents  the  necessity  of  their  deriving 
tmy  additional  supply  of  it  from  the  atmosphere  ;  but  on  the  contrary,  hke 
nnimals,  they  have  only  to  get  rid  of  what  is  superiluous.  Tlie  proportion 
of  nitrogen  contained  in  their  tissues  is  much  greater  than  in  any  other 
vegetable ;  so  tliai  fungin,  a  proximate  principle  which  may  he  obtained 
from  them,  is  as  highly  ozotizcd  as  animal  flesh.  In  the  subsequent  details 
relative  to  the  structure  and  functions  of  the  nutritive  system  of  plants, 
the  mode  in  which  carbon  is  assimUated  from  the  atmosphere  will  he 
described  under  the  bead  of  Hespiration  (although  not  properly  a  part  of 
that  function),  since  the  conditious  of  vegetable  growth  require  that  the 
|Hirtion  of  the  structure  exposed  to  the  air  should  perform  this  office,  as 
well  as  fiiat  more  strictly  appertsuning  to  it, — the  aeration  of  the  circulating 
fluid.    Some  curious  superadded  organs  occasionally  met  with,  which  seem 

•  Sec  Liebig's  Organic  ChemiBtry,  applied  to  Agiicultnrc  and  Physiology,  Part  I.; 
nDi!  tliu  Traatiat  on  Vegetable  Physiology  (CTiap.  V[.)  in  Ihe  Cyelopicdio  of  Popular 


'cgarded  li^^ 


to  shadow  forth  the  stomach  and  digestive  system  generally  regarded  ■ 
peculiar  to  animals,  will  be  presently  described  (J  281). 

278.  Vegetables,  then,  seem  to  constitute  the  intermediate  link  in  the 
scale  of  creation,  between  the  Inorganic  world  and  the  Animal  kingdom ; 
and  although  in  n  few  instances  they  are  partially  dependent  upon  the  latter 
for  their  existence,  it  cannot  be  doubted  that  the  general  balance  is  greatly 
in  favour  of  the  supphes  they  afford.  To  furnish  these  supplies  would 
indeed  appear  to  he  the  great  purpose  of  their  being :  for,  as  Dr.  Roget 
has  well  observed,  "  the  only  final  cause  which  we  can  assign  for  the  ai 
of  phenomena  constituting  the  nutritive  fimctions  of  Vegetables 
fonuatiou  of  certain  organic  products  calculated  to  afford  sustenance  tO'M 
higher  order  of  beings.  The  Animal  kingdom  is  altogether  dependent  fi 
its  support,  and  even  existence,  upon  the  Vegetable  world.  The  material 
of  Animal  nutrition  must,  in  all  cases,  have  previously  been  combined  iiifl 
pecuUar  mode,  which  the  powers  of  organisation  alone  can  effect." 

'279.  It  Is  a  general  law  of  vitality,  that  the  materials  of  nutrition  c 
only  be  introduced  into  the  living  system  in  the  fluid  state ;  and  althou 
the  ingestion  of  solid  aliment  by  the  higher  Animals  might  seem  to  a 
trodict  such  a  principle,  a  little  examination  into  the  character  of  t! 
nntridve  oi^ans  will  show  that  they  are  framed  in  conformity  with  i 
In  addition  to  the  absorbent  system  with  which  Plants  are  furnished,  a 
which  is  the  medium  of  eomniunication  between  the  organic  life  and  the 
external  world,  nearly  all  Animals  are  provided  with  cavities  for  the  recep- 
tion of  their  food,  and  for  its  reduction  to  a  state  fit  to  enter  the  vessels. 
The  necessity  for  these  cavities  arises  out  of  the  nature  of  the  aliment 
required  by  Animals,  which  usually  pre-exists  in  a  form  more  or  less  solid ; 
and  also  from  the  intervals  which  occur  between  the' periods  at  which  it  is 
obtained.  Wlulst  the  roofs  of  Vegetables  are  fixed  in  the  soil,  and  ramify 
through  it  in  pursuit  of  their  nutriment,  Aninmls,  whose  locomotive  powers 
are  necessary  for  the  search  after  the  food  they  require,  may  be  said  to 
carry  their  soil  about  with  them  ;  for  their  absorbents  are  dis- 
tributed on  the  walls  of  the  digestive  cavity,  just  as  those 
of  plants  are  externally  prolonged  into  the  earth.  This  cavity 
is  in  all  instances  formed  by  a  refiexioa  of  the  external  surface, 
of  which  tha  Hydra  (§  149)  may  be  regarded  as  presenting 
us  with  the  simplest  example.  It  is  merely  a  hag  with  one 
opening,  which  may  be  regarded  as  all  stomach.  A  higher 
form  is  that  in  which  the  cavity  baa  two  orifices,  and  thus 
becomes  a  canal,  such  as  is  found  in  many  of  the  infusorial 
animalndes ;  and  all  the  complicated  intestinal  apparatus 
the  higher  animals  may  be  considered  as  a  more  extended  ( 
development  of  this  simple  type.  The  food  which  Is  intro-  \ 
duced  into  it  is  acted  upon  mechauically  by  (he  inotion  of  the 
walls,   and  chemically  by  the   secretions   poured   from  their 
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face  i  so  that  the  nutritious  parts  of  it  are  separated  from  tliat  wliieli 
ly  be  rejected,  and  are  reduced  to  a  fluid  form. 

280 .  That  the  process  of -Animal  digestion  is  really  of  no  higher  character 
than  this,  and  that  it  has  nothing  to  do  with  organmng  or  rital'miii/  the 
materials  submitted  to  it,  appears  from  a  priori  considerations,  and  from 
tsperiment  also.  The  substances  contained  in  the  intestinal  canal  are 
usually  as  much  exterior  to  the  system,  as  if  they  were  placed  in  contact 
with  the  skin ;  for  we  cannot  regard  them  as  introduced  into  it,  uutil  they 
hare  been  absorbed  ;  and,  up  to  this  period,  they  hold  precisely  the  same 
relation  to  the  lacteal  vessels,  as  the  fluid  which  has  percolated  the  soil 
bears  to  the  roots  of  Plants  ramifjfiug  through  it.  Tiie  experimeuts  which 
have  recently  been  performed  on  artificial  digestion  have  precisely  the  same 
Waring  (§  302,  .1)- 

281.  Although  the  possession  of  a  digestive  cavity  has  been  regarded  by 
some  physiologists  as  a  prominent  characteristic  of  Animals,  so  that  it  has 
lieen  gravely  projmsed  to  define  an  animal  as  "  ««  estomar  aervi  par  des 
art/ones,"  it  is  by  no  means  a  universal  endowment ;  for  although  there  is 
no  doubt  that  many  of  the  minuter  beings,  which  were  formerly  supposed 
to  be  destitute  of  such  an  organ,  are  really  possessed  of  it  in  no  very  simple 
fcrm,  there  is  no  less  doubt  that  many  others,  during  a  part  of  their  exist- 
race  at  least,  are  nourished  by  absorption  from  the  exterior  surface  alone 
({  324).  Moreover,  it  could  not  be  regarded  as  a  fundamental  character 
of  the  Animal  kingdom,  even  supposing  it  to  be  universal ;  since,  as  we 
have  just  observed,  the  possession  of  it  may  be  regarded  as  the  conjoint 
remit  of  the  nature  of  the  food,  and  of  the  locomotive  powers,  of  this  group 
of  living  beings.  The  difficulty  of  establishing  a  well-defined  hmit  between 
the  Animal  and  Vegetable  kingdoms,  upon  a  distinction  of  this  kind,  is 
increased  by  the  fact,  that  among  Plants  we  find  many  adaptations  of 
structure  for  the  reception  and  preservation  of  aliment ;  some  of  which  it 
would  not  be  easy  to  exclude  from  any  definition  we  might  frame  of  a 
stomach.  Concavities  in  different  parts  of  the  surface,  fitted  for  the  col- 
lection of  the  moisture  caught  from  rain  or  condensed  from  dew,  may 
frequently  be  observed ;  and  these  vary  in  the  completeness  of  their  struc- 
nire,  £rom  the  simple  hollow  formed  in  the  leaf  of  the  Tillandeia  (nild  pine 
of  the  tropics),  or  of  the  Diptaciu  (teasel),  to  the  extraordinary  ascidia  of 
the  Pitcher-plants.  The  exact  method  in  which  the  fluid  thus  obtained  is 
applied  to  the  nutrition  of  the  plant  is  not  always  evident.  Sometimes  the 
channelled  leaves  seem  to  convey  it  to  the  roots,  by  which  it  is  absorbed  in 
the  usual  manner.  The  function  of  the  pitcher  of  the  Nepenthes  (Chinese 
pitcher-plant)  has  not  been  certainly  determined ;  as  it  is  diificult  to 
ascertain,  how  much  of  the  fluid  which  it  contains  is  collected  from  the 
atmosphere  by  the  downy  hairs  that  line  its  interior,  and  how  much  is 
■ecreted  by  the  plant  itself.      The  object   of  the  pitchers  of  the  Vis- 

ti^udia  (Fig,  102)  is,  however,  less  doubtfiU,  and  iheir  structure  far  more 
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complicated.  This  curious  plant  grows  by  a  long  creeping  stalk,  which  is  bare 

of  leaves  until  near  its  aummit ;  and  as,  in  a  dry  tropical  atmosphere,  the 
buds  at  the  tflp  would  have  great  difficulty  in  obtaining  moisture  through 
the  stem,  a  sufficient  supply  is  provided  by  the  pitchers,  which  store  up 
the  fluid  collected  from  the  occasional  rains.  "  The  cavity  of  the  bag," 
says  Dr.  Walhch,*  "  is  narrow,  and  always  contains  a  dense  tuft  of  radicles, 
which  are  produced  from  the  nearest  part  of  the  branch,  or  even  from  the 
stalk  on  which  the  bag  is  suspended,  and  which  enter  through  the  inlet  by 
one  or  two  common  bundles.  The  bags  generally  contain  a  great  quantity 
of  small  and  harmless  black  ants,  most  of  which  find  a  watery  grave  in  the 
turbid  fluid  which  frequently  half  fills  the  cavity,  and  wliich  seems  to  he 
entirely  derived  from  without."  The  earth  has  been  justly  spoken  of  as 
the  common  stomach  of  Vegetables,  supplying  them  with  nutriment  ready 
to  be  taken  up  by  their  absorbent  system ;  in  this  curious  Plant  the  failure 
of  its  regular  means  of  support  has  called  forth  the  addition  of  an  organ, 
which,  like  the  stomach  of  Animals,  serves  as  a  receptacle  for  the  siijipUea 
it  may  occasionally  obtain.  According  to  Mr.  Bumett.t  in  the  pitcher  of 
the  Sarraeenia  a  process  still  more  like  that  of  animal  digestion  goes  on; 
for  it  appears  that  the  fluid  it  contains  is  very  attractive  to  insects,  which, 
having  reached  its  surface,  are  prevented  from  returning  by  the  direction 
of  the  long  bristles  that  line  the  cavity.  The  bodies  of  those  which  are 
drowned  seem,  in  decaying,  to  afford  a  supply  of  nutriment  as  favourable 
to  the  growth  of  the  plant,  as  a  similar  process  on  the  leaves  of  the  well- 
known  Dionaa  muscipula  (Venus'  fly  trap),— to  the  health  of  which,  a 
supply  of  animal  food  appears  to  be  essential. 

2U2.  Although  such  instances  as  these  may  seem  to  contradict  Aifl 
general  statement,  that  Plants  derive  the  materials  of  their  nutrition  frMl 
the  inorganic  world,  yet  they  probably  do  so  more  in  appearance  than  in 
reality.  In  all  cases  where  previously-organised  matter  influences  their 
growth,  it  is  only  whilst  in  a  decomposing  state,  during  which  it  is 
separated  into  its  ultimate  elements  or  very  simple  combinations  of  them 
{§  277).  In  Animal  digestion,  on  the  contrary,  the  proximate  principles 
contained  in  the  food  appear  to  be  immediately  subservient  to  the  formation 
of  others  of  a  higher  order ;  and  whatever  tendency  to  disunion  its  elements 
might  have  previously  manifested,  this  is  immediately  checked  by  the  anti- 
septic qualities  of  the  gastric  flmd.  We  find  in  the  Animal  kii^dom,  also, 
many  apparent  exceptions  to  the  general  statement  which  has  been  made 
respecting  the  source  of  their  nutrition  ;  for  it  often  seems  as  if  they 
derived  their  support  in  part,  at  least,  from  the  inoi^anic  world.  Thus, 
the  Spatangiia  {§  142)  fills  its  stomach  with  sand,  but  really  derives  its 
nutriment  from  the  minute  animals  contained  in  it.  The  Earth-worm  and 
some  kinds  of  Beetles  are  known  to  swallow  earth,  but  only  to  obtain  from 
it  the  remains  of  organised  matter  which  are  mixed  with  it.  In  fact,  the 
■  Plrnitte  Aaiiitii'ie  ruriorea,  vol.  u.  p.  3j.  +  Bramie's  Journal,  vol.  v. 


MH^tinic  matter  thus  taken  into  the  Btomacha  of  these  Rnimala  n 
mtributes  to  their  nutrition,  than  the  gravel  swallnwed  by  gramin 
pBirds,  or  the  chalk  eaten  hy  a  hen  preparing  to  lay.* 

(3.  The  particular  articles  which  constitute  the  food  of  the  different 
if  Animals,  are  aa  various  as  the  races  themselves.  Some  trihes  in 
I  ibnost  every  division  of  this  kingdom  are  maJutained  solely  by  Vegetable 
fifod  ;  and  wherever  Plants  esist,  we  find  Animals  adapted  to  roake  use  of 
e  nntritioDS  products  which  they  furnish,  and  to  restrain  their  luxuriance 
within  due  limits.  Thus,  the  Dugoug  browses  upon  the  sulimarine  herb- 
age of  the  tropics ;  whDst  the  Hippopotamus  roots  up  with  his  tusk  the 
plants  growing  in  the  beds  of  the  African  rivers;  the  Giraffe  is  enabled  by 
bis  enormous  height  to  feed  upon  the  teudcr  shoots  which  are  abuve  the 
reach  of  ordinary  quadrupeds  ;  the  llein-decr  subsists  during  a  large  part 
of  the  year  upon  a  lichen  buried  beneath  the  snow  ;  and  the  Chamois 
Snds  a  sufBcient  supply  in  the  scanty  vegetation  of  Alpine  heights.  Many 
species  of  Animals,  especially  among  the  Insect  tribes,  are  restricted  to  par- 
dcular  Plants  ;  and,  if  these  fidl,  the  race  may  for  a  time  disappear.  But 
there  is  probably  not  a  species  of  Plants  which  does  not  furnish  nutriment 
for  one  or  more  tribes  of  Insects,  either  in  their  larva  state  or  perfect  con- 
ation, by  which  it  is  prevented  from  multiplying  to  the  exclusion  of 
others.  Thus,  on  the  Oak  not  less  than  200  kinds  of  CaterpiUars  have 
been  estimated  to  feed  ;  and  the  Nettle,  which  scarcely  any  beast  will 
touch,  supports  fifty  different  species  of  Insects,  but  for  which  check  it 
would  soon  annihihite  all  the  plants  in  its  neighbourhood.  The  habits 
and  economy  of  the  different  races  existing  on  the  same  plant  are  as 
TSrious  as  their  structure.  Some  feed  only  upon  the  outside  of  the  leaves; 
Borne  upon  the  intomal  tissue  ;  others  upon  the  flower  or  on  the  fruit ;  a 
hw  will  eat  nothing  but  the  bark  ;  while  many  derive  their  nourishment 
oidy  from  the  woody  substance  of  the  trunk.  It  is  very  curious  to  observe 
that  many  plants  injurious  to  man  afford  wholesome  nutriment  to  other 
uumals  ;  thus,  Henbane,  Nightshade,  Water  Hemlock,  and  other  species 
of  a  highly  poisonous  character,  are  eaten  greedily  by  different  races  of 
quadrupeds.  Some  cattle,  again,  will  reject  particular  plants  upon  which 
others  feed  with  impunity. 

284.  Every  cbss  of  the  Animal  kingdom  has  its  carnivorous  tribes 
also,  adapted  to  restrain  the  too  rapid  increase  of  the  vegetable-feeders,  by 

*  Among  the  fiuman  race  some  savage  nations  are  in  tlie  habit  o!  introducing  large 
quEmtitiea  of  earthy  matter  with  tbeir  food ;  and  this  sometimes  through  ignorant  pro- 
juilice,  but  more  trequentljr  to  give  bulkineta  to  the  aliment,  so  that  the  stomach  may  be 
distended, — as  among  the  Kamschatdales  who  mix  saw-dust  or  earth  with  their  tiain  oil- 
It  haa  been  imtil  recently  supposed  that  the  siliceous  earth,  which  has  been  employed  in 
Lapland  in  times  of  scarcity,  admiicd  nith  flour  and  the  baTh  of  trees,  merely  ajiswered 
this  puipose;  but  recent  microscopic  exnminHtion  has  shown,  that  it  consisls  of  the 
«ZW)(0  of  Infiuoiie  (9  117),  and  eontoias  a  large  portioa  of  animal  matter.  If  the  latter 
bediaripeted  by  incineration,  the  earth  loses  about  20  per  cent,  of  its  weight. 
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which  B  scarcity  of  their  food  would  soon  be  created, — or  to  remove 
the  earth  the  decomposing  hodies  which  might  otherwise  be  a  source' 
disease  or  auDoyanec.  The  necessity  of  this  limitation  becomes  evii 
if  we  consider  the  rapid  multiplication  which  the  prolific  tendency  of 
herbivorous  races  would  speedily  create,  until  checked  by  the  famine 
would  necessarily  result  from  their  inordinate  increase.  Thus,  the  my- 
riads of  Insects  which  find  their  suhsbtence  in  our  forest  trees,  if  allowed 
to  increase  without  restraint,  would  soon  destroy  the  life  that  supports 
them,  and  must  then  all  perish  together  ;  but  another  tribe  (that  of  the 
insectivorous  Birds,  as  the  Woodpecker),  is  adapted  to  derive  its  subsist- 
ence from  them,  and  thus  to  keep  within  salutary  bounds  the  number  of 
these  voracious  httle  beings.  Sometimes,  however,  they  increase  to  an 
enormous  extent.  The  pine-forests  of  the  Harta  mountains  have  been 
several  times  almost  destroyed  by  the  ravages  of  a  single  species  of  Beetle, 
the  Bottrkhiis  typographus,  which  is  less  than  a  quarter  of  an  inch 
length.  The  eggs  are  deposited  beneath  the  bark  ;  and  the  larvie,  wl 
hatched,  devour  the  alburuum  and  iuiier  hark  in  their  neighbourhood, 
was  estimated  that,  in  the  year  1783,  a  iniUion  and  a  half  of  pine 
were  destroyed  by  this  insect  in  the  Hartz  alone ;  and  other  forests 
Germany  were  suffering  at  the  same  time.  The  wonder  is  increased 
it  is  stated  that  80,000  larvee  are  sometimes  found  on  a  single  tree. 
multiplication  is  aided  by  their  tenacity  of  life.  It  is  found  that, 
if  the  trees  infested  by  them  be  cut  down,  floated  in  water,  kept 
length  of  time  immersed  either  in  water  or  snow,  or  even  placed  upon 
they  remain  alive  and  unhurt.  In  the  pupa  state,  however,  they  ire 
more  susceptible ;  and  vast  numbers  perish  in  this  condition  from  the 
influence  of  unfavourable  seasons,  which  operate  as  the  principal  check 
to  their  multiphcation.  A  very  cm'ious  instance  of  the  nature  of  the 
checks  and  counter-checks,  by  which  the  "  balance  of  power"  is  maiit' 
tained  amongst  the  difi'erent  races,  is  mentioned  by  Wilcke,  a  Swedish 
naturalist.  A  particular  species  of  Moth,  the  Phaleenn  strohiJeUa,  has  the 
fir  cone  assigned  to  it  for  the  deposition  of  its  eg^s ;  the  young  cater- 
pillars, coming  out  of  the  shell,  consume  the  cone  and  superfluous  seed  ; 
but,  lest  the  destruction  should  be  too  great,  the  Ichneumon  utrolii/el/a  lavs 
its  eggs  in  the  caterpillar,  inserting  its  long  tail  in  the  opeidngs  of  the 
cone  until  it  touches  the  included  insect,  for  its  body  is  too  large  to  enter. 
Tlius  it  fixes  upon  the  caterpillar  its  minute  egg,  which  when  hal 
destroys  it.* 

285.     The  dependence  of  Animal  Life  upon  a  constant  supply  of' 
ment  is  much  more  close  in  some  cases  than  in  others.     As  a  general 

"  The  Chnptera  on  the  "  Economy  of  NBtritive  Matter,"  in  Dr.  Boget's  Bridgwater 
Treatise,  and  of  Mr.  Lyell'fl  Princijilefi  ofGeology,  on  the  "Equilibrium  of  Species,"  naj 
he  tefeired  In  for  a  more  extended  view  of  this  interesting  subject,  thim  [he  limits  of  H 
present  work  permit. 


I 


ABSORPTION. GENERAL   CONSIDERATIONS.  223 

it  is  most  decided  when  the  vital  processes,  particularly  those  of  Nutrition, 
are  being  most  actively  performed.  Thus,  we  find  that  young  animals  are 
never  able  to  bear  the  deprivation  of  food  to  the  same  extent  with  older 
ones  of  the  same  species ;  and  that  sleep  and  torpidity  diminish  or  alto- 
gether suspend  the  demand.  Moreover,  we  observe  that  the  warm-blooded 
Vertebrata — ^viz.  Mammalia  and  Birds, — are  usually  less  capable  of  absti- 
nence than  Reptiles  and  Fishes ;  but  even  of  the  former  tribes,  many 
species  pass  several  months  without  eating,  during  the  state  of  hybernation 
(§  192).  When  we  carry  our  enquiries  further,  however,  it  becomes 
difficult  to  give  any  general  explanation  of  the  varieties  which  we  meet 
with  in  this  respect,  among  the  different  species  of  animals.  Thus,  it  has 
been  observed  by  Flourens  and  Dugfes,*  that  the  Mole  perishes,  when  in  a 
state  of  confinement,  if  not  fed  every  day,  or  even  more  than  once  a  day ; 
whilst  the  Dog  has  hved  without  food  for  36  days,  the  Antelope  and  the 
Wild  Cat  for  20,  and  the  Eagle  for  ^ve  weeks.  It  is  in  Reptiles*  that  the 
power  of  abstinence  appears  to  exist  to  the  greatest  extent  among  Verte- 
brata. Putting  aside  those  cases  in  which  the  natural  period  of  torpidity 
has  been  artificially  extended,  we  find  numerous  instances  in  which  these 
beings  have  performed  all  the  functions  of  life  for  many  months  together, 
without  the  ingestion  of  food.  Tortoises,  Lizards,  Serpents,  and  Batrachians 
seem  to  agree  in  this  respect.  Little  is  known  regarding  the  powers  of 
abstinence  possessed  by  Fish ;  but  it  has  been  stated  that  some  of  this 
class,  such  as  the  Perch,  naturally  take  food  but  once  a  fortnight. f  It  is 
perhaps  among  the  Insect  tribes  that  we  find  the  power  of  sustaining  a 
deprivation  of  aliment  the  most  remarkably  evidenced.  The  Scorpion  has 
been  known  to  endure  an  abstinence  of  three  months,  the  Spider  of  twelve 
months^  and  the  Scarabseus  beetle  of  three  years,  without  inconvenience  or 
loss  of  activity.  The  Melasdma,  also  one  of  the  beetle  tribe,  has  Hved 
seven  months  pinned  down  to  a  board.  We  notice  in  the  class  of  Insects 
a  very  striking  illustration  of  the  general  fact  already  stated  respecting  the 
difference  between  the  old  and  the  young  animal  of  the  same  species.  The 
Larva  is  not  only  extremely  voracious,  but  is  usually  incapable  of  sustain- 
ing a  long  abstinence ;  whilst  in  many  tribes  the  Imago  never  eats,  but 
dies  as  soon  as  its  share  in  the  propagation  of  the  race  is  accomplished. 
From  what  is  known  regarding  the  power  of  abstinence  in  the  MoUusca,  it 
may  be  stated  generally,  that  they  are  not  capable  of  maintaining  their 
activity  if  not  frequently  supplied  with  food,  in  this  respect  corresponding 
with  the  larvae  of  Insects ;   but,  when  reduced  to  a  state  of  torpidity, 

•  Phyaiologie  Compar^e,  torn,  ii.  p.  288. 

+  Gold-fish  have  been  known  to  live  and  thrive  in  small  vessels  of  water,  without  any 
perceptible  nutriment,  for  two  or  three  years-  But,  if  they  be  not  fed  in  any  other  way, 
it  is  requisite  that  the  water  they  inhabit  should  be  frequently  changed  ;  and  the  minute 
quantity  of  organic  matter  which  it  holds  in  solution  is  probably  the  source  of  their 
aliment. 
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whether  by  cold  or  by  the  deprivation  of  food,  they  may  continue 
any  aliment  for  a  very  protracted  period. 

286.  Some  have  attempted  to  show  that  Herbivorous  animals 
dependent  upon  r  constant  supply  of  food  than  Carnivorous  species  ;  and 
that  domesticated  animals  leas  easily  sustain  a  deprivation  of  it  than  wild 
ones.  But  these  statements,  though  generaUy  true,  are  found  to  be  want- 
ing in  accuracy  when  applied  to  hidividual  cases.  It  would  probably  be 
more  correct  to  state  that,  in  proportion  to  the  facility  with  which  each 
species  usually  obtains  its  food,  will  be  its  inability  to  sustain  a  protracted 
abstinence.  In  accordance  with  this  principle  we  observe  that,  though 
vegetable-feeders  have  in  general  their  food  within  reach,  and  are  very 
dependent  upon  its  constant  supply,  some,  as  the  Camel,  are  enabled 
sustain  abstinence  better  than  many  carnivorous  species  ;  and  that 
camivoTous  animals,  being  enabled  from  the  nature  of  their  food  to  1 
it  with  little  difficulty,  are  comparatively  unable  to  bear  the  want  of 
On  the  same  principle  it  is  evident  that  domestication  may  induce  a 
change  in  the  character  of  the  animal,  in  this  respect,  as  in  others,  by 
causing  it  to  become  accustomed  to  frequent  or  constant  supplies  of  food. 
The  same  adaptation  may  be  found  among  the  Larvee  of  Insects, 
which  feed  upon  vegetables  or  upon  dead  animal  matter,  speedily  die  if 

of  the  reach  of  their  aliment ;   whilst  those  that  lie  in  wait  for  living 
the  supply  of  which  is  uncertain,  are  able  to  endure  a  protracted  ftbi 
even  to  the  estent  of  ten  weeks,  without  injury.* 

287.  It  has  been  stated  that  all  alimentary  matter,  in  order  to  be 
dueed  into  the  hving  system,  must  be  presented  to  it  in  a  fluid  form ; 
and  that  the  reduction  of  it  to  that  form  is  one  object  of  the  digestive 
processes  of  Animals.  The  changes  involved  in  its  passage  tlirough  the 
external  integument,  or  that  modification  of  it  specially  adapted  for  the 
purpose,  constitute  the  ftmction  of  Abtorptioii.  Before  considering  the 
particular  conditions  under  which  it  is  performed  in  the  different  classea 
of  organised  beings,  it  will  be  right  to  enquire  what  is  its  essential  cha- 
racter, and  how  far  physical  laws  may  be  apphed  to  its  elucidation.  It 
was  formerly  the  general  opinion  that  Absorption  is  always  effected  by 
vessels,  the  open  mouths  of  which,  being  in  contact  with  the  fluid,  might 
imbibe  it  by  capillary  attraction,  suction,  or  some  other  means.  But 
anatomical  enquiry  has  shown  that  in  no  one  instance  are  absorbent 
vessels  thus  brought  into  immediate  relation  with  the  fluid  to  be  received 
by  them ;  but  that  the  transmission  always  takes  place  through  some 
tissue  of  a  membranous  character.  Thus,  we  shall  find  that  the  skin  of 
the  higher  Animals,  and  the  cuticle  covering  the  general  surface  in  Plants, 
participate  more  or  less  in  the  fiiaction  of  Absorption,  even  where  a 
special  system  is  adapted  to  its  performance  ;  that  in  the  inferior  tribes, 
the  external  integument  (with  the  reflexion  of  it  which  lines  the  digestive 

•  Lacordaire,  Entomologie,  torn.  u.  p.  15 
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bvity  in  animals)  is  its  sole  mediuiii ;   and  that  neither  in  the  roots  of 

Flduts,  DOT  in  the  walla  of  the  intcstinnl  canal  in  Animals,  do  the  vessels 

minate  in  open   mouths,  all   tlie  fluid  whieh  enters  them  having  to 

e  the  tissue  by  which  they  are  closed.     The  notion  that  mere  capil- 

y  attraction  Las  anything  to  do  with  the  absorption  of  fluid  into  living 

Ipsteus,  is  therefore  completely  untenable ;   but  there  is  a  remarkable 

ifcenomenon  to  whieh  the  term  of  Enilosmoae  has  been  given  by  its  dis- 

tsverer  Dutrochet,  which,  occurring  under  conditions  supi>lied  by  inorganic 

s  alone,  bears  so  strong  a  resemblance  to  this  vital  tiinction,  that  it 

B  scarcely  possible  to  disbehevc  its  partial  concern  in  it.     The  following  is 

•  general  statement  of  the  process  in  question. 

288.  If  into  a  tube,  closed  at  one  end  with  a  piece  of  bladder  or  other 
membrane,  be  put  a  solution  of  gum  or  sugar,  and  the  closed  end  he 
immersed  in  water,  a  passage  of  fluid  will  take  place  from  the  exterior 
to  the  interior  of  the  tube  through  the  membranous  septum  ;  so  that  the 
quantity  of  the  contained  solution  will  he  greatly  increased,  its  strength 
being  proportionid>Iy  diminished.  At  the  same  time,  there  will  be  a 
counter-current  in  the  opposite  direction  ;  a  portion  of  the  gummy  or 
saccharine  solution  passing  through  the  membrane  to  mingle  witli  the 
exterior  fluid,  but  in  much  less  quantity.  The  first  current  is  termed 
Emiotmoae,  and  the  counter-current  Exosmote.  The  increase  on  either  side 
will  of  course  be  due  to  the  relative  velocity  of  the  currents ;  and  the 
changes  will  continue,  until  the  densities  of  the  two  fluids  are  so  nearly 
alike,  as  to  be  incapable  of  maintaining  it.  The  greater  the  original  dif- 
forence  (provided  that  the  denser  fluid  be  not  actually  viscid,  but  be 
capable  of  mixing  with  the  other),  the  more  rapidly  and  powerfully  will 
the  process  be  performed.  The  best  means  of  experimeiitiug  upon  these 
phenomena  is  afforded  by  a  tube  narrow  above,  hut  widely 
lUated  below,  so  as  to  afford  a  large  surface  to  tbe  membrane, 
compared  with  that  of  the  superincumbent  column,  which  will 
n  increase  iu  height  with  great  rapidity.  By  bending  this 
■  tibe  into  the  form  of  a  syphon,  and  introducing  into  its  curie 
tqoanUty  of  mercury,  the  force  as  well  as  tbe  rapidity  of  the    /       \ 

between   different   fluids  may  he  estimated  with     '^ -"^^ 

Iprcdaion.      Although  it  is  uot  universally  true  that  tbe  activity  of  the 

ess  depends  upon  the  difl^ereuce  in  density  of  the  two  fluids  (for  in 

:  or  two  cases  the  stronger  current  passes  from  the  denser  to  the 

ghter),  it  seems  to  be  so  with  regard  to  particular  solutions,  as  those  of 

r  saccharine  matter.     No  endosmose  takes  place  between  fluids 

which  will  not  mingle,  such  as  oil  and  water  ;   and  very  little  between 

auch  as  act  chemically  on  each  other.     Although  an  organic  membrane 

I      forms  the  best  septum,  yet  it  has  been  foimd  that  thin  lamiuBE  of  baked 

Hpipe  clay  will  suffice  for  the  evident  production  of  the  phenomenon  ;   and 

BIbst  porous  limestones  possess  the  same  property  in  an  inferior  degree.     It 
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is  evident,  then,  that  however  obscure  may  be  the  nature  of  the  procewi 
aud  however  difficult  it  may  he  to  explain  it  on  physical  laws,  these  alone 
are  concerned  in  it.* 

289.  We  may  reasonably  enquire  how  far  the  passage  of  fluid  throngfa 
membianes  or  tissues  in  the  living  body  may  be  explained  on  this  prin- 
ciple. It  has  been  maintained  that  this  is  a  purely  vital  change,  because 
it  does  not  occur  escept  during  the  continuance  of  life.  But  it  may  lie 
alleged,  on  the  other  side,  that  if  we  regard  the  other  vital  actions  as 
furnishing  the  conditions  of  endosmose,  the  absorption  of  fluid  may  itself 
be  considered  as  only  an  instance  of  the  phenomenon.  That  this  is  the 
case  in  the  Vegetable  kingdom,  subsequent  details  will  show ;  and  there 
will  be  no  difficulty,  therefore,  in  understanding  why  the  process  shnulil 
cease  with  life  ;  the  fiinction  of  Absorption  in  Animals  caimot,  however, 
be  so  conveniently  studied,  and  its  true  character  has  not  ret  been  satis* 
factorily  elucidated.  Still  there  seems  much  reason  to  believe  tliat  it  i» 
here,  also,  due  to  physical  laws  acting  under  conditions  supphed  by  thr 
living  system  ;  for  transudation  readily  takes  place  through  dead  as  well 
as  living  animal  membranes,  even  where  these,  instead  of  forming  a 
distinct  septum,  as  in  the  production  of  Endosmose,  are  in  contact  with 
the  tissues  on  the  other  side.  Thus,  Magendic  immersed  the  amputated 
paw  of  a  rabbit  in  ink,  and  the  cellular  membrane  became  coloured. 
Again,  Lebkiichncr  found  that  oil  of  turpentine  and  camphor  placed  on 
the  skin  of  a  rabbit,  12  hours  after  death,  communicated,  in  the  spacf 
of  10  hours,  their  peculiar  odours  to  a  paper  placed  ou  the  internal 
surface  of  that  membrane.  A  solution  of  prussiate  of  potass  penetrated 
in  5  hours ;  sulphuric  acid  in  6  hours  ;  and  acetic  acid  in  24  hours. 
Ink,  and  a  solution  of  muriate  of  soda,  had  not  passed  in  24  hours  ;  and 
a  solution  of  ammoniuret  of  copper  required  two  days  for  its  trausit-t 
These  experiments  go  far  to  confirm  the  view,  which  will  he  hereatler 
stated  (5  294),  that  what  has  been  termed  the  selecting  power  of  absorbent 
surfaces,  by  which  they  take  up  some  fluids  (saline  solutions  for  instance) 
and  reject  others,  is  not  due  so  much  to  their  peculiar  vital  properties,  as 
to  the  physical  relations  between  their  tissues  aud  the  substances  brought 
into  contact  with  them.  Thus,  Magendie  formed  a  bag  from  a  piece  of 
human  skin,  the  epidermis  being  internal,  and  then  filled  it  with  water , — 
transudation  took  place  rapidly :  but  when  the  experiment  was  reversed, 
and  the  epidermis  was  placed  extemaDy,  it  became  raised  into  a  bUster : 
thus  showing  that,  from  some  physical  causes,  the  passage  of  fluids  takes 
place  through  it  much  more  readily  m  the  internal  than  in  the  external 


•  For  fiirtber  inforaiBlion  on  this  curiooa  eubject,  see  the  Article  Endoirnosis  in  l!w 
Cyclopwdia  of  Anatomy  and  Physiology,  and  Diitroehet'i  Memoire*  AnalomiquM 
rhjBinlogiqurg,  torn.  1. 

t  Madden  on  CutaneoUB  Absorption,  p.  33. 
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rectioo.*     It  is  easy  to  pxplain  on  this  theory  why  absorption  should 

■  place  so  much  more  rajiidly  and  energetically  during  life  than  after 

th ;  since  the  (gtiautity  of  fluid  which  first  penetrates  the  memhrane  is 

mveyed  no  further  into  the  system,  miless  there  is  a  demand  for  it ;   aud 

I  therefore  saturates  the  tissues  with  which  it  is  in  coiitact,  aud  prevents 

l&e  admission  of  more.      But  when  the  fluid  so  absorbed  is  constantly 

I  Ving  drawn  off  for  the  purjwses  of  the  economy,  a  continual  demand  for 

Lft  renewed  supply  is  erented,  and  thus  tlie  action  becomes  one  of  the  most 

"  ,r  of  those  Bubservienl  to  Life. 

Abgarption  in  F«i/etiMfii. 
I.  In  the  lowest  orders  of  Plants  we  find  this  function  performed 
its  most  simple  conditions.  The  division  of  Apkyllitua  (leafless) 
^YPTOGAMiA,  including  the  Algie,  Lichens,  and  Fungi,  presents  a 
niarkable  similarity  of  internal  structure,  concealed  under  great  direr- 
f  n^  of  estcrual  form.  Tlic  substance  of  all  is  composed  of  vesicles  more 
r  less  firmly  united  to  each  other,  and  but  slightly  altered  from  their 
original  spheroidal  form ;  aud  the  envelope  which  surrounds  them  con 
seldom  be  regarded  as  a  distinct  stntcture,  as  it  generally  differs  but  little 
from  the  remainder  of  the  cellular  tissue.  The  simplest  forms  of  ki.gx, 
sQch  as  the  Protococcits  nivalis  (Fig  .^9),  consist  of  individual  cellules, 
each  of  which  seems  to  be  in  itself  capable  of  nutrition  and  reproduction  ; 
but  in  the  higher  genera,  the  plant  is  composed  of  a  mass  of  such  cellules 
united  together,  sometimes  in  single  rows,  as  in  the  Con/ervee  {Fig.  61), 
■ometimes  in  a  more  definite  and  expanded  form,  as  in  the  Sea-weeds  in 
Ijeneral.  In  all  of  these,  however,  the  whole  surface  appears  to  he 
endowed  with  the  power  of  absorption  to  nearly  an  equal  degree;  and 
lllhough  the  semblance  of  a  stem  and  roots  occasiomdly  presents  itself, 
jtt  these  seem  to  have  no  other  fimction  than  to  give  the  means  of 
tttachment  to  the  leaf-hke  expansion,  which  performs  not  only  the 
mtritive  but  the  reproductive  function  (§  53-1,  5)  on  all  parts  of  its 
sirface.  In  the  lichens,  there  is  altogether  a  great  similarity  of  form 
tad  structure  to  the  Aigte  ;  but  the  difference  in  their  locality  appears  to 
produce  A  separate  appropriation  of  portions  of  the  surface  to  the  nutritive 
ud  reproductive  functions.  The  ii]>per  surface  of  these  plants,  being 
Oposed  to  the  sun  and  air,  becomes  hard  and  dry,  a  condition  which 
seems  to  favour  the  evolution  of  the  fruit ;  whilst  it  is  by  the  lower 
Surface,  which  is  usually  soft  and  pale,  that  the  nutriment  is  probably 
introduced  int«  the  system.  The  latter  is  not  unfrequently  ttirnished 
nith  bur-like  appendages,  which  may  be  regarded  as  prolongations  of  its 
surface ;  and  these  not  only  serve  to  fix  the  plant,  but  appear  to  be  much 
eoncemed  in  the  absorption  of  its  ahment,  being  so  much  developed  in 

•  Theflr«Volumeofthe"Le5r>nasur  ItaPhlinointiiraPhjsiqueBile  Is  Vie"  coiitnina 
ftj^([ie8t  Dmi  of  eiidence  of  tlic  same  characltr. 
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some  Lichens,  which  are  located  upon  the  ground,  as  almost  to  n 
roots.  In  the  fungi  we  find  a  still  smaller  portion  of  the  general  s\ 
adapted  to  absorb  fluid,  and  more  especial  prolongations  of  it  for  the 
purpose.  The  lower  forms  of  this  group  (§  92),  however,  seem  to  imbibe 
their  aliment  by  their  whole  surface ;  but  in  the  more  complex  structures, 
the  reproductive  system  is  separated  from  the  nutritive  by  the  intcr\'ention 
of  a  stalk  (as  in  the  Mushroom),  whose  base  is  prolonged  into  hairs  or 
radical  fibres,  by  which  the  decaying  matter,  that  constitutes  the  food  of 
this  remarkable  group  of  plants,  is  introduced  into  the  system.  In  some 
species,  too,  the  whole  surface  is  covered  with  hair,  which  may  assist 
their  very  rapid  development  by  absorption  of  fluid  from  the  atmosphere. 

291.  In  the  mohses  and  their  allies  we  find  a  somewhat  higher  form 
of  the  same  structure.  From  the  base  of  the  stem  there  usually  proceed 
slender  radical  filaments,  which  sometimes  ramify  throngh  the  soil  to 
a  considerable  extent ;  and  other  similar  filaments  are  frequently  deve- 
loped from  the  sides  of  the  stalk,  and  from  the  lower  surface  of  the 
leaves.  In  Mosses  that  exist  on  rocks,  however,  these  filaments  are  but 
Uttle  developed,  and  appear  to  serve  rather  for  support  than  for  absorp- 
tion of  nourishment,  which  must  in  such  circumstances  be  derived  from 
the  atmosphere  through  the  leaves.  It  is  well  known  that  they  are  very 
permeable  to  fluid,  and  that  Mosses  will  thus  recover  the  appearance  of 
life  after  being  long  dried ;  from  the  same  cause,  these  beautiful  little 
plants  are  enabled  to  vegetate  rapidly  during  a  moist  season,  whilst  their 
tenacity  of  life  enables  them  to  withstand  a  subsequent  drought.  In 
ascending  through  these  tribes  of  the  Cryptogamia,  then,  we  may  traw 
B.  gradual  development  of  separate  absorbent  organs,  and  may  observe  the 
apfcialigatum  of  the  function,  by  its  restriction  to  one  particular  part  of  tbf 
surface,  instead  of  being  diffused  over  the  whole.  Still,  however,  we  find 
that,  when  these  special  organs  are  not  developed,  or  are  insufSeiently 
supplied  with  nutriment,  the  general  surface  can  take  on  its  originsJ 
function,  and  thus  supply  the  deficiency. 

292.  It  is  probable  that  in  all  the  Cryptogamia,  except  the  Ferns, 
(which,  possessing  a  va-aeiilar  structure,  seem  to  resemble  Flowering  Plants 
in  the  essential  conditions  of  their  nutrition,)  the  whole  surface  of  the 
radical  fibre  is  endowed  with  the  power  of  absorption;  in  the  Phapjero- 
OAMIA,  however,  it  seems  to  be  through  the  newly-formed,  succulenl 
extremities  alone  that  fluid  is  admitted ;  and  the  function  is,  of  course, 
more  actively  performed  by  them  in  proportion  to  the  dimmiition  in  th( 
amount  of  surface  they  expose.  The  root  presents  a  great  variety  of 
forms  in  different  plants ;  there  are,  however,  some  parts  which  are  essen- 
tial, and  others  merely  accessory.  The  simplest  form,  as  well  as  tbf 
most  essential  part,  consists  of  single  fibres ;  these  occasionally  eusi 
alone  (as  at  the  base  of  the  hyacinth  bulb),  but  more  often  proceed  from 
ramifying  branches  of  woody  texture  (as  in  moat  trees  and  shrubs),  w 


1  tubers  (as  that  of  the  turnip).     Each  fibre  appears  to  differ  from 

lose  just  mentioned  as  existing  in  cellular  plants,  by  the  poasession  of  a 

e  of  vessels  wliieh  occupies  its  centre :  and  the  txtremitiea  of  these 

hibes   are   covered   with   loosely-formed   cellular   tissue,    through    which 

e  fluid  passes  into  them.     This  structure  is  well  seen  m  the  radical  fibre 

nf  Lemna  or  dw^heeed  (Fig.  /G).     The  tpongiole,  as  this  point  has  been 

■ 'termed,  is  sometimes  spoken  of  as  a  distiuct  ot^an ;  but  it  is  nothing  more 

,    the  growing   point  of  the  root,    which,    with  a  few   exceptions, 

ftlragtfaens  only  by  additions  to  its  extremity.     The  soft  lax  texture  of 

I  the  newly-formed  part,  causes  it  to  possess  in  an  eminent  degree  the 

ft  power  of  absorption ;  but  as  the  fibre  continues  to  grow,  and  additional 

i  formed  at  its  extremity,  that  which  was  tbrmerly  the  spongiole 

f  becomes  cousoUdated   into  the  geuerol  structure  of  the  root,    and  loses 

■  almost  entirely  its  peculiar  properties.     Tliat  it  is  to  the  spougiolcs  that 

the  principal  absorbing  power  of  the  root  is  due,  was  fiUly  proved  by  the 

experiment  of  Scuebier.     He  fixed  two  roots  in  audi  a  manner,  that  the 

extremity  of  one  was  in  contact  with  water,  whilst  of  the  other  every  pait 

^ except  the  extremity  was  immersed.  He  found  that  the  first  root  absorbed 
nearly  as  much  as  usual,  whilst  the  second  scarcely  took  up  a  sensible 
(piantity.  It  is  not  improbable  that  the  relative  absorbent  power  of  the 
ipongiolea,  and  of  the  general  surface  of  the  root,  may  vary  in  different 
plants,  according  to  the  character  of  the  texture  of  each,  and  tlie  situation 
In  which  it  grows ;  but  it  appears  to  be  a  general  fact  that,  in  vascular 
1  plants,  the  spongiolea  are  the  organs  gpecia/ly  destined  for  introducing  the 
I    fluid  nutriment  into  the  system. 

I  293.  There  are  evident  limits  to  the  supply  of  alimentary  materials  to 
V  file  roots  of  Plants,  as  long  as  they  remain  in  the  same  spot ;  and  some 
r  riiange  must  take  place  to  ensure  its  continuance.  As  the  Plant  cannot 
)      maove  itself  to  a  new  situation,  its  wants  are  provided  for  by  the  simple 

^'      elongation  of  its  radical  fibres ;  and  their  extension  takes  place,  not  by 
kcrease  throughout  their  whole  length,  but  by  addition  of  fresh  tissue  to 
Aeir  points.     This  addition,  being  made  in  the  direction  of  least  resist- 
Ace,  enables  the  fibrils  to  insinuate  themselves  into  the  firmest  soil,  and 
fen  to  overcome  the  obstacle  presented  by  solid  masonry ;  for  however 
narrow  the  crevice  may  be  into  which  the  filament  enters,  tlie  subsequent 
I      npansion  of  the  tissue  by  the  iiifiltration  of  fluid  is  so  great,  as  to  enlarge 
^^  [he  «peniag  considerably,  aud  even  to  rupture  masses  of  stone.      This 
^bkndenty  to  increase  in  the  direction  of  least  resistmice,  will  also  evidently 
^Bbose  the  root  to  grow  towards  a  moist  situation  ;  aud  by  keeping  this  in 
^1  'iew,  many  of  the  facta  regarding  the  so-called  imtiiwt  of  plants,  which  at 
first  sight  appear  so  remarkable,  may  be  satisfactorily  explained.     There 
ire  some  cases,  however,  for  which  our  present  amount  of  knowledge  does 
not  enable  us  to  account ;  the  following  is  a  very  remarkable  one.     "  Near 
tlie  waterfall  at  the  head  of  the  river  Leven,  in  the  Western  Highlands,  is 
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the  trunk  of  a  decayed  Oak,  rotten  within,  but  alive  on  some  parts  of  t 
outaide.  From  oue  of  these,  a  shoot  grows  out,  about  fifteen  teet  from  H 
ground  ;  and  thia  shoot  has  protruded  from  its  lower  part  a.  rout,  whid 
after  having  reached  the  ground  (a  bare  rock),  runs  aJong  the  rock  L 
horizontal  position,  about  thirty  feet  further,  till  it  reaches  a  bank  of  e: 
in  which  it  has  embedded  itself."* 

12i)4.  The  absorbi'nt  power  of  the  Spongioles  appears  limited  by  t 
size  of  their  pores,  which,  although  hitherto  imdetected,  must  have  a 
hie  diameter.  If  the  roots  be  immersed  in  coloured  solutions,  they  ti 
up  tlie  most  finely  divided  particles,  leaving  behind  the  larger  molecules, 
which  are  only  obsorbed  when  the  spongioles  have  been  damaged.  The 
pores  are  liable  to  be  blocked  np  by  fluids  which  are  of  too  viscid  or  ghi.- 
tinous  a  consistence  to  pass  readily  through  them ;  and  if  the  roota  I 
immersed  in  a  thin  solution  of  gum  or  sugar  or  neutral  salts,  the  « 
particles  are  absorbed  in  the  greatest  degree,  so  that  the  portion  which  I 
left  contains  a  larger  proportion  of  the  ingredient  in  solution.  The  p 
of  selection,  however,  woidd  seem  to  extend  beyond  this ;  since  of  two  m 
stances  equally  dissolved,  some  plants  will  take  one,  and  some  the  other 
and  some  neutral  salts  are  rejected  altogether.  It  docs  not  appear  that 
the  selecting  power  is  employed  to  prevent  matter,  whlcli  is  capable  of 
exerting  a  deleterious  influence  upon  the  plant,  from  being  introduced  into 
its  tissue ;  for  many  substances  are  taken  up  hy  the  roots,  which 
speedily  put  a  atop  to  vital  action,  if  opportunity  is  not  allbrcled  for  their 
excretion.  From  the  little  that  is  at  present  known  on  the  subject,  il 
seems  a  reasonable  inference  that  the  rejection  of  any  particular  ingredient 
of  the  fluid  in  contact  with  the  roots,  results  either  from  iJie  want  nf 
adaptation  in  the  form  or  size  of  ita  molecules  to  the  pores  of  Uie  sjmn- 
giolea  ;t  or  from  an  organic  change  effected  by  it  on  their  deliealc  tissue, 
such  as  is  proved  hy  the  exjieriments  of  M,  PayenJ  to  occur  when  tannin 
enters  into  the  solution,  even  in  very  minute  proportion. 

295.  The  nvautiiy  of  fluid  absorbed,  and  the  force  with  which  it  is 
propelled  upwards  in  the  stem,  vary  not  only  in  different  species  and  mdi- 
viduals,  but  in  the  same  plant  at  different  periods  of  the  year,  and  even  of 
the  day.  The  former  seems  intimately  connected  with  the  acti*-ity  with 
which  the  other  processes  of  vegetation  are  being  carried  on,  and  especially 

•  Gnrdencr'i  Mnsaiine,  Oct.  1,  iHSi. 

f  8ucli  an  idea  derivct  conRrmation  (roin  llie  intcTeiting  reaulla  of  the  Experimenti  uf 
Ot.  Daubany  on  the  ahiorptlon  of  minernl  Biibetances  bf  FlaaU.  lie  hiu  found  tlisl,  if 
a  Plant  natunklly  abRorbg  tlitr  compoundB  of  an;  paniculnr  blue,  it  will  alsntakeuii  iIism 
nf  unothcr  bnse  whkh  ore  immorpAouf  with  them  ;  for  inetancr,  mont  v^etable*  irill 
ubBOtb  the  mlla  of  Lime  and  Magnesia,  with  equal  readiaesa.  But  sitlM,  howeter  aiiln- 
bic,  nhich  have  h  erjittulline  BTrangemcnt  diiTcreiit  from  thcin  (euch  m  thu«e  of 
Blrontia),  nre  not  absorbed. 

X  Aiinalea  des  Sdentcs  Nnlurellta,  N,  S.  Butan.,  vol.  iii.  p.  5,  &c. 


D  depend  upon  the  quantity  of  vftpourtratispireil  from  the  leaves  (chap,  x.); 
causes  whieh  increase  trauspiration  may  tlierelbre  be  considered 
B  stimulants  to  absorption  also.  The  force  of  the  roots  in  the  propulsion 
tf  the  sap  b  suffidently  proved  by  the  celebmteil  experiments  of  Hales  on 
PiBie  Tine.  By  gages  affixed  to  the  stem  during  the  "  bleeding  season," 
I  vben  the  sap  rises  rapidly,  he  found  that  a  column  of  mercury  26  inches 
[  high,  equal  to  a  column  of  water  of  neatly  31  feet,  might  be  supported  by 
L  file  propellent  force  of  the  absorbent  organs ;  but  if  the  upper  part  of  the 


s  cut  off,  this  power 
^ther. 

.  There  would  seem  much 
'Absorption,  in  this  and  other  case! 
referred  to  as  possessed  by  many  i 


1  diminished,  and  after  a  time  ceased 


■eason  to  believe  that  the  mere  act  of 
is  due  to  the  physical  property  already 
■gauised  tisanes, — risi.  the  capability  of 
producing  Endosraose  (§  288),  The  succulent  extremities  of  the  spon- 
gioles  serve  as  the  medium  reqiured  for  tliis  process ;  but  it  may  be 
reasonably  enquired  whence  the  other  condition  is  furnished,  namely,  that 
difference  in  density  of  the  fluids  on  the  opposite  sides  of  the  septum, 
which  is  necessary  for  the  commencement  and  continuance  of  the  action. 
This  is  supplied,  in  the  first  mstance,  by  the  store  of  nutritious  matter 
obtained  bv  the  embryo  from  its  parent,  and  contained  within  its  tissues  ; 
and,  at  a  later  period,  when  the  plaut  is  supporting  an  independent  exist' 
ence,  by  the  admixture  of  a  portion  of  the  dense  elaborated  or  descending 
sxp,  with  the  crude  and  watery  ascending  fluid.  If  this  he  the  true 
explanation-  of  the  phenomenon,  a  counter  current  ought  to  exist,  and  an 
rxagmote  of  the  fluids  within  the  system  should  take  place  into  the  sur- 
rounding medium.  That  this  is  actually  the  case  is  proved  by  the  fact, 
(hat  an  excretion  of  the  peculiar  products  of  the  species  may  be  always 
detected  aroimd  the  roots  of  the  plant  (§  al'l) ;  a  fact  of  very  important 
practical  application.  The  cessation  of  this  action  of  adnuxtnre  {a  change 
evidently  depending  upon  other  vital  actions)  at  the  death  of  a  plant,  fully 
accounts  for  the  non -continuance  of  eudosmose,  which  is  also  checked  if 
the  superincumbent  column  of  fluid  he  not  drawn  off  by  the  leaves.  It 
lias  been  very  justly  remarked  by  Professor  Ilenslow  that,  "  if  we  suppose 
the  plant  capable  of  remuiing  the  imbibed  fluid  as  fast  as  it  is  absorbed 
by  the  spougioles,  then  we  may  imagine  the  possibility  of  a  supply  being 
kept  up  by  the  mere  hygroscopic  property  of  the  tissue ;  much  in  the  same 
way  as  the  capillary  action  of  the  wick  io  a  caudle  maintains  a  constant 
supply  of  wax  to  the  flame  by  which  it  is  consumed."* 

297.  It  is  an  axiom  in  Vegetable  Physiology,  which  has  been  laid  down 
by  De  Candolle,  "  that  when  a  particular  function  cannot,  according  to  a 
^ven  system  of  structure,  be  suflSciently  carried  into  effect  by  the  organ 
which  ia  ordinarily  appropriated  to  it,  it  b  performed  whoDy  or  in  part  by 
another."     This  is  hut  a  result  of  the  general  principle  which  has  been 

•  Cabinet  CjcIupasJiii.     Bolnny.     p.  177. 
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already  laid  down  (§  243);  and  the  reason  that  it  is  mo 
Vegetable  than  in  the  Animal  kingdom  ia  simply,  that  i 
specialisation  of  fiinction  is  nowhere  carried  so  far  as  in  the  latter  i  so  that 
any  part  of  the  general  surface  of  a  plant  can  perform  in  a  considerable 
degree  the  fimctions  of  all  the  rest.  We  might  then  a  priori  expect  that 
whilst  the  roots  are,  in  the  usual  condition  of  the  perfect  plant,  the  organs 
by  which  its  fluid  nutriment  is  absorbed,  and  the  leaves  its  organs  of 
transpiration  and  respiration,  some  traces  of  the  primiliTe  community  of 
function  enjoyed  by  the  general  surface  of  the  simpler  tribes,  would  be 
found  in  the  capacity  of  each  of  these  organs  to  perform  in  a  certain 
degree,  if  required,  the  function  of  the  other.  Thus,  it  is  evident  that 
when  the  roots  are  either  absent  or  imperfect,  or  are  implanted  in  an  arid.^ 
or  barren  soil,  serving  merely  to  fix  the  stem  (as  happens  with  i 
OrchideiE  and  the  generality  of  aerial  parasites),  the  plant  must  derive 
chief  supply  of  nutriment  through  the  absorption  performed  by  the  iea 
or  in  leafless  plants  (as  the  Cacti)  through  the  general  surface.  And  it 
must  be  obvious  to  all  who  have  observed  the  manner  in  which  plants, 
faded  by  the  intense  action  of  hght  and  heat,  are  refreshed  by  the  natural 
or  artificial  apphcation  of  moisture,  that  absorption  takes  plac 
instances  also,  by  the  general  surface,  as  well  as  by  the  roots. 

298.  Various  experiments  have  been  derised,  with  the  i-iew  of  deb 
mining  tlie  relative  extent  to  which  the  plant  is  supphcd  by  these  two 
channels ;  but  the  proportion  appears  to  depend  upon  the  circumstances 
of  its  growth.  Thus,  Honnet  took  some  specimens  of  Mercurialis,  and 
immersing  the  roots  of  part  of  them  in  water,  he  placed  others  so  that 
only  their  leaves  touched  the  fluid.  A  small  shoot  of  each  plant  was 
kept  from  contact  with  water,  and  after  the  experiment  had  proceeded 
for  five  or  six  weeks,  those  whicli  had  derived  all  their  nutriment  through 
the  leaves  were  nearly  as  \igorous  as  those  which  had  imbibed  it  by  the  roots. 
It  is  by  the  under  surface  of  the  leaf,  where  the  cuticle  and  cellular  tissue 
beneath  are  least  compactly  arranged,  that  absorption  is  performed  with 
the  greatest  rapidily ;  and  the  downy  hwrs  with  which  some  plants  are 
plentifully  furnished  seem  to  contribute  to  this  function,  acting  like  so 
many  rootlets.  These  prolongations  of  the  surface  are  usually 
iu  such  plants  as  grow  in  damp  shady  situations,  where  moisture  & 
exists  in  abundance ;  but  in  hot,  dry,  exposed  localiries,  where  it  | 
necessary  that  tbe  plant  should  avail  itself  of  every  means  of  collec 
its  food,  we  find  the  leaves  thickly  set  with  them ;  and  this  difference 
may  be  observed  iu  the  same  species  of  plant,  according  to  the  soil  and 
climate  in  which  the  individuals  exist,  and  even  in  the  same  individual  if 
transplanted.  A  very  curious  adaptation  of  the  leaf  of  the  Oleander  to 
the  same  purpose  will  be  hereafter  described  (§  495). 

299.  In  tracing  the  gradual  evolution  of  the  special  absorbent  system  of 
tbe  more  perfect  Plants,  we  may  observe  many  interesting  relations  be- 


ANIMALB.  233 

Ineen  the  progressive  stages  of  its  develo[iment,  and  the  permanent  forms 
pf  the  Bjstem  in  the  lower  orders.  Thus,  the  embryo  nt  its  first  appearftiice 
/■rithm  the  ovule  (§  599,  6U0)  is  uothing  but  &  smgle  cell,  like  that  of  the 
Protococcua,  in  the  midst  of  the  store  of  semifluid  Dutrimcnt  prepared  by 
its  parent,  which  it  gradually  absorbs  by  its  whole  surface.  Just  as  do  the 
nmplest  cellular  plants.  At  the  time  of  the  ripemug  of  the  seed,  we  find 
the  rudiment  of  the  future  root,  which  is  derelopcd  during  germination ; 
bat  in  the  early  stages  of  this  process,  the  radicle  simply  prolongs  itself 
into  the  ground,  and  appears  to  be  equally  capable  of  imbibing  moisture 
trough  its  whole  length,  hkc  that  of  the  Fungi  or  Mosses.  It  is  not  until 
e  leaves  are  evolved,  that  the  root  begins  to  extend  itself  by  ramifi- 
««tiou ;  then  first  protruding  perfect  fibrils,  composed  of  woody  fibre  and 
vessels,  and  terminated  by  sjiongioles, 

300.  Thus,  then,  in  the  development  of  the  absorbent  system  of  Vege- 
tables, the  first  which  we  have  been  called  upon  to  study  in  detail,  via  have 

1  the  application  of  the  laws  which  have  been  already  enunciated 
'caw.  III.)  ;  for  it  has  been  found  that,  whether  we  trace  its  various  forms 
Ibrough  the  ascending  scale  of  the  difTerent  tribes  of  Plants,  or  watch  the 
IS  of  its  evolution  in  the  more  perfect  orders,  it  is  constantly  to  be 
Vbserved  that  the  special  structure  and  function  arise  by  a  gradual  change 
t  of  one  more  general ;  and  that,  even  where  the  special  form  is  most 
highly  developed,  the  general  structure  retains,  in  some  degree,  the  primi- 
tive community  of  function  which  originally  characterised  it. 

Digeatmn  and  Abmrption  in  Animah. 

301.  It  has  been  already  stated,  that  the  conditions  under  which  the 
function  of  Absorption  is  performed  in  Animals,  ore  so  far  different  from 
those  which  affect  it  in  plants,  that  a  preparatory  process  of  Vigettion 
becomes  necessary  for  the  reduction  of  the  food  to  the  fluid  form  required 
ibr  its  entrance  into  the  system.  Tliis  process  is  effected  in  cavities  of  the 
body,  which  are  1>ouuded  hy  a  continuation  of  its  external  surface,  modified, 
by  its  secreting  power,  to  supply  the  means  necessary  for  the  solution  of 
tW  aliment,  and,  by  its  absorbent  faculty,  for  the  selection  of  the  part  of  it 
capable  of  contributing  to  the  nutrition  of  the  fabric.  It  has  been  already 
shown  that,  so  long  as  this  aliment  is  unabsorhed,  it  cannot  be  regarded  as 
introduced  into  the  system ;  since  it  merely  holds  the  same  relation  with 
the  absorbent  vessels,  as  the  nutritious  fluid  surrounding  the  roots  of  plants. 
Both  are  liable  to  be  influenced  by  the  secretions  poured  out  from  the  sur- 
&ce9  with  which  they  are  in  contact ;  and  though  we  have  no  positive  evi- 
dence that  Vegetables  ever  prepare  their  food  by  such  means,  its  occasional 
employment  may  be  inferred  from  the  fact,  that  the  Fungi  have  been 
observed  to  hasten  the  decomposition  of  substances  on  which  they  have 
made  their  appearance.     The  chief  peculiarities,  then,  in  the  preparation 

the  food  of  Animals,  consist  in  the    mechanical  influence,  exercised 
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upon  it,    by   the   peristaltic  and  masticatory  actions  of  the  alimenta 
canal  and  its  appendages ;  and,  in  the  temperature  to  which,  l 

animals  at  least,  it  ia  suhjccted.  With  the  process  of  ahsorption,  sirictlj' 
so  called,  the  organisation  of  the  constituents  of  the  alimentary  fluid,  and 
their  consequent  endowment  with  vital  properties,  may  be  regarded  as 
commencing  in  Animals  as  well  as  in  Plants. 

302.  Tliat  the  process  of  digestion  has  really  this  character, — that  it  is 
no  more  dependent  upon  the  vita!  powers  of  the  stomach,  than  as  far  as 
these  are  concerned  in  the  secretion  of  its  solvent  fluid,  and  in  the  main- 
tenance of  its  temperature  aud  movements,- — appears  from  the  most  recent 
experiments,  as  well  as  from  a  priori  reasoning.     For,  as  will  presently  be 
stated,  the  gastric  juice  seems  to  be  as  energetic  out  of  the  stomach  as  i; 
it,  provided  that  the  other  conditions,  namely,  the  warmth  aud  the  n 
arc  also  supplied  (§  30.5) ;    and,  where  sudden  death  takea    plao 
healthy  animal,  the  stomach  itself  is  not  uufrequently  dissolved,  if  it  be  q 
distended  with  food  on  which  the  solvent  will  more  readily  act, 
seems  to  be  an  unanswerable  argument  in  favour  of  the  simply  pAy»i 
nature  of  the  process  of  digestion ;  since  it  is  absurd  to  suppose  that  ■) 
lingering  vitality  in  the  organ  itself  can  liave  an  influence  in  disorganising 
itt  own  tissues,  it  being  a  property  of  litiiiff  structures  to  resist  such 
action. 

303.  The  first  act  in  the  digestive  process  is  the  mechanical  reduction 
of  the  food  which  has  been  ingested,  to  a  state  which  will  render  it  more 
easily  afiected  by  subsequent  chemical  processes.  This  is  accomplished  by 
the  acts  of  mastication  and  insahvation,  for  which  provision  ia  made  in 
niost  of  the  higher  classes  of  Animals.  Mastication  is  not  always,  bow- 
ever,  performed  in  the  month ;  for  though  that  is  the  situation  of  the  teeth 
in  Mammalia  and  Reptiles,  the  pharynx  (or  fimnel-like  entrance  to  the 
gullet)  is  their  seat  in  Fishes,  and  the  stomach  in  Crustacea.  A  yiizaril, 
or  hard  muscidar  stomach  with  cartilaginous  walls,  answers  the  purpode  of 
mastication  in  graminivorous  Birds,  Cephalopoda,  many  Insects,  aud  in  liie 
higher  Polypes  (§  \:i2) ;  and  in  the  first  of  these  classes,  insalivation  is 
performed,  not  in  the  mouth,  but  in  the  crop,  a  dilatation  of  the  cesophagus 
in  which  the  food  is  retained  for  this  purpose.  In  general  it  will  be  found 
that  the  more  the  character  of  the  food  resembles  that  of  the  animal 
juices,  the  less  preparation  of  this  kind  does  it  undergo.  Thus,  the  car- 
nivorous Mammalia  have  teeth  aud  jaws  more  adapted  for  cutting  and 
tearing  than  for  mastication  j  whilst  the  herbivorous  species,  which  arc 
deficient  in  teeth  of  that  character,  have  the  remainder  so  constructed  as 
to  present  a  large  imeven  surface  for  the  tritiwation  of  their  aliment,  and 
jaws  capable  of  that  peculiar  rotatory  movement  which  can  give  most  efiecl 
to  their  employmeut.  In  Birds,  again,  the  prcdaceous  species  are  destitute 
of  any  mechanical  means  of  reducing  their  food  to  the  semifluid  state,  which 
vegetable  substances  must  acquire  before  tjiey  can  be  acted  on  by  the 


istric  joice;  and  the  only  preparation  nhich  it  undergoes,  is  the  sepa- 
I  of  the  hair,  feathers,  claws,  aiid  other  indigestible  parts,  which 
!  disgorged  from  the  crop,  without  being  allowed  to  pass  through  the 
meutary  canal. 

304.  There  are  many  jVnimals  for  whose  food  such  preparation  does  not 
1  necessary  ;  its  soil  consistence  and  high  organisation  (which  increase 
a  tendency  to  decomposition)  reuderiog  it  easily  soluble.  Such  are  the 
lale,  which  is  destitute  of  teeth,  and  whose  gigantic  swallow  is  fiimished 
*  with  an  enormous  filter  for  straining  otf  those  minute  iuliabitants  of  the 
ocean,  of  which  such  mjTiads  are  necessary  for  its  subsistence ;  and  there  are 
many  Mollusca,  and  even  Animalcules,  which,  in  their  mode  of  obtaining 
their  food,  as  well  as  in  the  voracity  of  their  appetites,  seem  like  wliales  in 
miniature.  "Whether  or  not  the  saliva,  which,  in  most  animals  that  masti- 
cate their  food,  is  mLied  with  it  during  the  process,  has  any  other  than  a 
mechanical  agency,  is  not  fully  ascert^ued ;  many  have  imagined  that  it 
possesses  a  solvent  power  on  the  organised  substances  through  wliich  it  is 
diffiiaed,  superior  to  that  which  water  alone  would  exercise ;  but  the  only 
fact  tnown  on  this  point  is,  that  it  has  the  property,  like  gastric  juice,  of 
changing  starch  into  sugar. 

.?05.  Various  experiments  have  heeu  made  at  different  times  on  the 
solvent  power  of  the  gastric  juice,  and  on  the  influence  of  the  motions 
of  the  stomach  on  its  effects  ;  but  none  arc  so  satisfactor}-  as  those  of 
Dr.  Beaumont,  who  availed  himself  of  the  opportunity  afforded  him  by 
the  remarkable  state  of  Alexis  St.  Martin  (a  mau  who,  though  in  perfect 
health,  had  a  fistulous  njiening  in  his  lel^  side,  which  permitted  uispection 
of  the  interior  of  the  stomach,  and  the  removal  of  its  soUd  or  fluid  con- 
tents), to  settle  many  points  which  previous  contradictory  statements  had 
left  douhtful,  as  well  as  to  add  much  to  what  was  already  received.  The 
food  which  has  been  propelled  down  the  (esophagus  enters  the  cardiac 
orifice  of  the  stomach  in  successive  icavfs;  and  there  it  is  subjected  to  a 
series  of  operations,  of  which  chemical  solution  is  undoubtedly  one  of  the 
most  tmiiortant.  The  gasfrie  juice  by  which  it  is  effected,  is  poured  out  of 
minute  follicles  or  secreting  cavities  iu  the  coats  of  the  stomach  ;  but  some 
animals,  whose  food  is  peculiarly  difficult  of  digestion,  appear  provided  with 
a  more  speda!  glandular  apparatus  for  its  elaboration,  such  as  exists  in  the 
Beaver  (§  527).  This  fluid  is  secreted  only  when  the  coats  of  the  stomach 
are  irritated  by  the  contact  of  matter  ingested  by  it ;  and  it  can  therefore 
only  he  obtauicd  in  a  pure  state,  by  introducing  some  insoluble  body  which 
shall  cause  its  formation,  and  shall  also  absorb  it  as  fast  as  it  is  poured  out. 
For  this  purpose  a  piece  of  sponge  has  been  frequently  employed,  which 
I  has  been  swallowed,  and,  when  saturated,  has  been  drawn  up  by  a  thread 
\  fastened  to  it;  but  Dr.  Beaumont  was  enabled  to  accomphsh  the  same 
object  in  a  more  satisfactory  maimer,  by  introducing  an  India-nibber  tnhe 
through  the  opening,  which  served  both  to  irritate  the  membrane  by  its 


contact,  aad  to  conduct  away  the  flnid  as  fast  as  secreted,  without  admix- 
ture.  The  gastric  juice  thus  obtained  was  found  to  have  a  reducing  power 
hut  little  inferior  to  that  of  the  stomach  itself,  when  its  solvent  action  was 
assisted  by  heat  and  agitation  ;  and  a  homogeneous  fluid,  closely  resembling 
the  chyme  of  the  ahmentary  canal,  was  produced  by  these  means.  Similar 
effects  have  been  obtained  hy  an  arUfidal  gastric  juice,  which  has  been 
formed  {by  Miiller  and  Schwann)  of  a  mixture  of  dilute  acetic  or  muriatic 
acid  with  mucus  of  the  stomach ;  the  simplest  way  of  manufacturing  it 
being,  to  macerate  a  portion  of  mucous  membrane  ui  the  acid.  But  this, 
although  it  appears  effectual  with  many  substances,  is  resisted  by  others. 
Neither  acids  nor  mucus,  however,  will  act  alone  ;  hut  the  correspondence 
of  their  united  effect,  so  far  as  it  goes,  with  that  of  the  gastric  juice,  can 
leave  no  doubt  that  the  operation  of  the  latter  is  of  a  chemical  nature.  It 
has  been  recently  shown,  by  Purkinje  and  Pappenheim,*  that  the  influence 
of  galvanism  enables  saliva  or  mucus  alone  to  dissolve  albumen,  hy  decom- 
posing the  chloride  of  sodium  which  these  fluids  contain,  and  thus  liberating 
muriatic  acid.  There  is  no  difficulty,  therefore,  in  accounting  for  the 
presence  of  muriatic  acid  in  the  stomach. 

30().  Tlie  chyme  thus  formed  is  not  absorbed  without  further  pre- 
paration ;  and  it  is  in  the  separation  of  the  portion  of  it  which  will  become 
subservient  to  nutrition,  from  that  which  is  only  fit  for  rejection,  tliat  the 
operation  of  the  bUe  seems  most  important.  Dr.  Deaumont  mentions  tfau 
a  mixture  of  biliary  and  pancreatic  secretions  (both  of  which  he  was  able  to 
procure  by  means  of  his  elastic  tube)  with  chyme,  separated  the  latter  into 
a  turbid  milky  fluid,  which  he  regarded  as  chyle,  and  a  flaky  precipitate, 
whicli  appeared  of  an  excrementitious  character.  Of  the  nature  of  the 
changes  which  the  food  undergoes  in  its  progress  along  the  intestine,  we 
know,  however,  but  very  little.  The  nutritious  portion  is  gradually  taken 
up  by  the  absorbent  vessels,  which  are  distributed  copiously  on  the  mucous 
lining  of  the  tube.  In  the  Invertebrata,  it  would  appear  that  the  general 
vascular  system  performs  this  office,  the  absorbed  fluid  at  once  entering 
the  current  of  the  circulation ;  but,  in  higher  animals,  a  more  special  pro- 
vision for  this  purpose  is  observed,  in  the  system  of  lacfeal  ahsorbentt, 
which  are  delicate  vessels  distributed  on  the  mucous  surface  of  the  intM- 
tine,  and  destined  for  this  function  alone.  The  fluid  which  they  absorb, 
termed  chyle  (which  will  he  described  hereafter  %  -115),  is  conveyed  to  ■ 
general  receptacle,  where  it  is  mixed  with  the  lymphatic  fluid  absorbed 
from  the  system  at  large  (§  331)  ;  and  both  then  enter  the  general  circu- 
lating mass.  These  absorbent  vessels  may  be  regarded  as  strictly  analogous 
to  the  roots  of  Plants.  They  do  not  open  by  patulous  orifices  on  the  sur- 
face of  the  intestine  ;  but  ramify  among  the  villi  of  the  mucous  membrane, 
which  are  little  filamentous  processes  of  delicate  structure,  that  give  to  its 
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rface  the  fleecy  appearance  it  exhibits  when  highly  magnified.  lu  Fig.  103 
e  of  these  villi  with  its  ahsoThent  vcbhcI,  which  may  be  contrasted 
I  irith  the  ahsorlieiit  termination  of  the  radical  fibres  of  Plants  formerly 
1  jkscribeil  (§  292  and  Hg.  7(5).  It  is  only  in  the  higher  Animals,  however, 
^that  these  villi  e«st ;  in  the  lower  trilwa,  the  surfoce  of  the  membrane  is 
I  by  its  being  plaited  into  simple  folib ;  or  it  may  be  altogether 
Bunth,^ — -hut  its  sujierficial  extent  is  then  projiortionably  greater. 
307-  It  is  curious  to  uhserve,  in  the  progress  of  the  food  along  the  ali- 
riDentary  canal  of  higher  Animals,  the  gradual  removal  of  it  from  connection 
I  irith  the  functions  of  animal  life.  To  procure  it  in  the  first  instance,  is 
;  imiMirtant  olBce  of  these  fiincti'jns ;  and  the  highest  exercise  of  the 
locomotive,  sensorial,  and  intellectual  powers  is  often  required  for  this 
purpose.  Its  introduction  into  the  mouth  is  an  act  of  pure  Tolition  in 
man ;  whilst  the  masticntory  movements  to  which  it  is  there  subjected,  may 
be  regarded  as  having  been  orieinally  voluntary,  but  as  afterwards  bo  com- 
pletely liabitual,  as  to  1«  scarcely  dependent  on  the  will,  although  not 
removed  from  its  cmtrol.  The  act  of  'UglstUion  or  swallowing  is  of  a 
veiy  curious  nature,  being  the  result  of  a  nervous  influence  in  which  the 
win  b  not  concemeil ;  when  the  solid  or  fluid  contents  of  the  month  are 
brought  in  contact  with  the  surface  of  the  pharynx,  the  impression  made 
upon  the  nerve  distributed  on  it  is  transmitted  to  the  upper  part  of  the 
spinal  cord ;  and  an  instinctive  motor  impulse  is  propagated  along  the  motor 
fibrils,  by  vrhich  the  muscular  movements  requisite  for  the  action  of  awal- 
lowing  are  produced.  How  far  this  process  necessarily  involves  conscious- 
ness and  sensation  on  the  part  of  the  animal,  will  be  hereafter  enquired 
(CBAF.  XTi,}.  A  similar  action  causes  the  propulsion  of  food  down  the 
mtophagvt  (gullet)  ;  and  the  movements  of  the  stomach  are  ui  part,  if  not 
wholly,  excited  in  the  same  manner.  Beyond  the  stomach,  however,  the 
connection  of  the  motions  of  tlie  ahmentary  canal  with  the  nervous  system 
ceases,  the  peristaltic  movements  of  the  intestines  appearing  to  depend 
upon  the  stimulus  directly  applied  to  their  muscular  coat  by  the  contact 
of  food ;  although  they  may  be  in  some  degree  controlled  by  a  system  of 
muscles  disposed  around  the  outlet  of  the  canal,  which  are,  like  those  at 
its  entrance,  partly  involuntary,  and  partly  under  the  direction  and  restraint 
of  the  will. 

308.  In  the  lower  Animals,  however,  the  process  is  much  more  simple. 
The  very  action  of  introducing  the  food  into  the  stomach  appears  to  he,  in 
many  instances,  the  result  of  its  direct  stimulation,  without  the  intervention 
of  a  nervous  system.  Thus,  the  movement  of  the  cilia,  which  fulfils  this 
purpose  in  so  many  Animalcules,  is  known  to  he  completely  involuntary 
and  unconnected  with  sensation  in  higher  tribes  ;  and  andogy  would  seem 
to  show  that  the  contraction  of  the  tentacula  of  the  Hydra  and  other 
polvpes,  is  of  no  higher  character  (§  149).  Where  the  nervous  system  is 
first  distinctly  concerned  in  such  actions,  it  is  probably  only  in  combining 
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and  harmoniBing  them ;  and  as  long  as  they  are  constant  and  u 
alwajs  occurring  under  the  same  circumstances,  and  excited  by  t" 
stimuli,  it  seems  more  philosophical  to  regard  them  as  purely  instinetiTB, 
hke  the  action  of  deglutition  in  man,  and  as  not  of  themselves  implying 
anything  lilie  wil/  on  the  part  of  the  animal,  whieh  can  only  exist  where 
there  is  intellect.  It  mav  be  said  that,  although  the  tentacula  of  the 
Hydra,  when  the  animal  is  hungry,  contract  upon  the  shghtest  touch,  they 
allow  themselves  to  be  stimulated  without  responding,  after  repletion  wilh 
food ;  and  that  sensation  and  will  are  thus  imphed.  But,  on  the  other 
hand,  it  may  be  urged  that  a  parallel  phenomenon  occurs  in  man,  which  is 
certainly  independent  both  of  will  and  sensation.  For  it  appears  from  the 
esperiments  and  observations  of  Dr.  Beaumont,  that  the  secretion  of  gastric 
juice  does  not  continue  in  proportion  to  the  quantity  of  food  taken  into  tlie 
stomach,  although  at  first  escited  by  its  contact,  but  is  regulated  by  tJie 
wants  of  the  system ;  so  that,  when  sufficient  nutriment  has  been  provided 
for  absorption,  no  further  active  process  of  digestion  goes  on,  although 
the  tci//,  inattentive  to  the  dictates  of  Nature,  continues  to  transmit  to  the 
stomach  more  food  than  is  dissolved  at  the  time.  Vegetables,  again,  ccow 
to  absorb  when  the  structure  is  replete  with  food,  and  there  is  no  continued 
demand  for  it.  The  more  we  pursue  our  researches  into  the  actions  of 
Plants  and  of  the  lower  tribes  of  Animals,  the  more  are  we  struck  with  the 
beauty  of  the  adaptations,  by  which  the  influence  of  a  capricious  will,  wiiich 
would  often  be  to  the  hijury  of  the  system,  is  rendered  unnecessary.  A 
brief  sketch  may  now  he  given  of  the  principal  forms  of  digestive  apparatoa 
in  the  different  classes  of  animals  ;  hut  the  extent  of  this  subject  renders  it 
necessary  to  enter  but  little  into  details. 

309.  The  class  porifera  presents  us  with  what  may  be  regarded  u 
the  same  simple  form  of  an  absorbent  system,  as  that  which  prevails  among 
the  Algie.  Every  part  of  the  surface  of  the  soft  gelatinous  flesh  of  the 
Sponge,  appears  equaUy  endowed  with  the  power  of  appropriating  to  itself 
the  nutritious  materials  contained  in  the  water,  which  is  in  apposition  wilb 
its  estemal  surface,  and  circulates  through  its  ramiJying  cauats.  These 
canals  constitute  the  simplest  means  by  which  the  absorbent  surface  may 
be  increased  without  prolonging  it  e:?terually ;  and  the  movement  of 
fluid  through  them  may  be  regarded  as  uniting  the  capillary  circulation  of 
the  higher  auiroaU,  with  the  propulsion  of  food  over  the  absorbent  surfai* 
of  the  intestinal  tube, — a  special  circulating  apparatus  not  being  here 
interposed,  between  the  part  of  the  system  where  the  fluid  is  absorbed,  and 
that  in  which  it  is  applied  to  the  purposes  of  nutrition  (§  325).  The 
small  quantity  of  alimentary  materials  contained  in  the  waters  of  the 
ocean,  renders  necessary  in  this  class  a  rapid  and  continuous  ingestion  of 
successive  portions ;  and  as  the  animal  does  not  possess  the  power  of 
appropriating  solid  masses  to  the  supply  of  its  wants,  tliere  is  no  necessity 
that  the  food  should  be  delayed  in  digestive  cavities,  for  the  purjmse  of 
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undergoing  any  change  preparatory  to  its  absorption.  Minute  flocculent 
films  may  be  observed  in  the  fluid  which  issues  from  the  vents  or  faecal 
orifices  ;  and  these  may  be  regarded  as  composed  of  excrementitious  par- 
ticles thrown  off  from  the  interior  surface.* 

310.  The  method  in  which  the  Hydra  and  other  polypi fera  obtain 
their  food,  presents  a  remarkable  contrast  to  that  just  described.  The 
sides  of  the  digestive  cavity  are  probably  endowed,  in  most  of  these 
animals,  with  an  equal  power  of  absorption  throughout ;  but  the  food  is 
generally  introduced  in  sohd  masses,  frequently  in  a  Hving  state,  and  must 
long  be  submitted  to  the  influence  of  the  digestive  process  before  it  can  be 
assimilated.  In  these  two  classes,  then,  we  have  two  opposite  characters 
of  the  digestive  apparatus  distinctly  exhibited  : — in  one  the  food  is  already 
introduced  into  the  cavities  in  a  fluid  form  (as  in  plants),  and  so  largely 
dQuted  that  no  further  preparation  for  its  absorption  is  necessary,  all  that 
is  required  being  a  continued  supply  of  it ; — ^whilst  in  the  other,  the  food 
is  obtained  at  distinct  intervals,  and  in  a  form  which  requires  energetic 
digestive  actions  to  render  it  fit  for  absorption.  In  the  Hydra,  the  trans- 
parency of  the  tissues,  and  the  absence  of  any  firm  envelope,  allow  the 
process  to  be  distinctly  watched.  The  prey  is  frequently,  and  indeed 
generally,  introduced  ahve ;  and  its  movements  may  be  observed  after  it 
has  been  swallowed.  In  a  Httle  time,  however,  its  outline  appears  less 
distinct,  and  a  turbid  film  partly  conceals  it ;  the  soft  parts  are  soon  dis- 
solved and  reduced  to  a  fluid  state  ;  and  any  firm  portions  which  the  body 
may  contain,  are  rejected  through  the  aperture  by  which  it  entered.  When 
the  process  of  digestion  is  complete,  the  granules,  of  which  the  texture  of 
the  animal  seems  principally  composed  (§  149),  are  observed  to  be  tinged 
with  the  colour  of  the  dissolved  substance,  although  the  fluid  which  sur- 
rounds them  remains  transparent.  A  movement  of  these  granules  seems 
concerned  in  the  distribution  of  the  absorbed  matter  through  the  fabric ; 
sometimes  they  are  seen  to  be  forced  into  the  tentacula,  whence  they  are 
driven,  by  a  sort  of  reflux,  back  to  the  body. 

311.  In  the  associated  species  of  Polypifera,  there  is  considerable 
diversity  in  the  degree  in  which  the  functions  of  the  individual  Polypes 
are  connected  together.  In  many  of  the  simpler  Alcyonia  (§  154),  which 
resemble  Sponges  provided  with  polypes  at  their  orifices,  a  general  circu- 
lation of  the  products  of  digestion  takes  place  through  the  whole  fabric. 
The  same  is  the  case,  although  to  a  less  extent,  in  the  Sertularia  and  other 
Hydraform  Polypes,  as  already  mentioned  (§  150) ;  while  in  the  complex 
CUiobrachiata,  each  Polvpe  seems  to  live  for  itself  alone  (§  152).     The 

*  A  different  view  must  be  taken  of  this  subject,  however,  if  we  suppose,  with  some  late 
observers,  that  the  gelatinous  flesh  of  the  Sponge  is  a  congeries  of  Animalcules  ;  and  that 
the  general  mass  is  a  composite  structure,  like  that  of  the  Polypifera.  We  should  then 
regard  these  currents  in  the  same  light  as  those  which  issue  from  the  tube  of  the  Pyrosoma 
and  other  compound  Ascidise  (§  140). 
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digestive  process  exhibits  itself  in  the  latter  with  a  considerable  a 
towards  its  more  perfect  types ;  for  we  find  not  only  a  second  c 
the  alimentary  tube,  hut  a  gizzard  for  mechanically  reducing  the  food,  a 
secreting  apparatus  for  the  production  of  bile,  and  a  distinct  separation  of 
the  stomach  from  the  lower  part  of  the  intestinal  canal.  This  confonna- 
tioD  evidently  conducts  ua  to  the  highly-developed  digestive  system  of  the 
Mollusea;  whilst  in  the  isolated  Actinia  (§  151),  we  are  led  towards  the 
higher  Radiata.  The  stomachs  of  these  animala  are  very  capacious  and 
distensible  ;  so  that,  like  the  Hydra,  they  can  enclose  prey  many  times 
larger  than  themselves,  which  their  copious  secretions  enable  them  speedily 
to  dissolve,  the  excrementitious  matter  being  thrown  out  by  the  oral  orifice. 
The  ramifying  tentacula  of  these  animals,  which  surround  the  central  disk 
containing  the  stomach,  remind  us  of  the  minutely-divided  arms  of  the 
Comalula  and  other  stellated  species  of  Echinodermata,  iuto  which  the 
digestive  cavity  dues  not  extend  (§  143,  31J). 

312.  The  number  of  the  digestive  sacs  in  the  class  polvgastrica  has 
already  been  noticed,  as,  according  to  Ehrenbcrg,  its  distinguishing  charac- 
teristic (5  147)  ;  and  some  of  the  forms  represented  by  him  were  detailed. 
In  the  simplest  species,  as  the  Maiiiia  (a  minute  animalcule,  formeriy  su|i- 
posed  to  be  destitute  of  any  cavity  whatever),  he  describes  several  stomachs 
opening  by  a  eiimmon  mouth,  surrounded  by  cilia  (Fig.  93)  ;  but  in  most 
other  species,  the  digestive  sacs  are  supposed  to  be  connected  by  a  tube, 
which  has  an  eijual  relation  to  all  (Fig.  77,  a).  Other  observers,  however, 
entertain  much  doubt  whetlier  these  statements  are  correct.  The  belief  in 
the  existence  of  a  number  of  distinct  saccoh  opening  from  a  common 
intestinal  tulie,  is  founded  upon  the  appearance  of  animalcules  which  have 
been  fed  with  coloured  particles,  and  whicli  exhibit  immerous  coloured 
globules  in  their  substance.  These  globules  have  been  regarded  as  con- 
sisting of  aggregatiima  of  the  coloured  particles  within  the  spherical  sacs, 
into  which  they  have  been  received  through  the  inteatmal  tube.  Not  only 
has  no  such  tube  ever  been  seen,  hiiwever,  but  no  separate  particles  have 
been  traced  in  their  passage  from  one  part  of  the  body  to  the  other  along 
such  a  canal ;  and,  what  appears  a  still  mure  fatal  objection,  the  globules 
themselves  have  been  seen  to  perform  a  kind  of  circulation  through  the 
body,  changing  their  relative  positions  to  each  other,  and  sometimes 
escaping  by  the  anal  orifice.  Moreover,  many  Animalcules  have  been 
seen  to  receive  as  prey,  into  the  cavity  of  their  bodies,  other  animalcnlea 
nearly  of  their  own  size ;  which  could  scarcely  be,  if  the  intestinal  tul>« 
were  of  the  nature  described  by  Ehrenbeig.  A  statement  of  the  nature  of 
the  digestive  system  of  these  animals,  which  appears  much  more  consistent 
vrith  observed  facts,  has  been  given  by  Meyen.  lie  states  that  beltind  the 
oral  orifice  is  a  small  globular  cavity  ;  and  that  the  particles  of  the  food 
which  are  drawn  into  the  mouth  by  ciUary  action  are  here  aggregated  inlo 
a  globular  mass,  and  pressed  into  a  degree  of  consistence,  sufincicut  lu 
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cause  them  to  hold  together.  When  a  hall  has  thus  heen  formed,  it  is 
expelled  into  the  general  cavity  of  the  body  ;  and  the  formation  of  a 
second  globular  mass  commences.  The  general  cavity  is  undivided  by 
any  membranous  partitions,  and  contains  a  semifluid  gelatinous  substance, 
in  which  no  distinct  organisation  can  be  discovered.  Into  the  midst  of 
this,  the  globule  is  propelled  by  the  contraction  of  the  first  cavity  ;  and,  as 
one  afler  another  is  thus  forced  in,  each,  as  it  is  introduced,  pushes  on  the 
rest,  and  a  kind  of  circulation  of  the  globules  is  occasioned,  as  already 
described, — those  first  formed  making  their  escape  (after  yielding  their 
nutritive  materials)  by  the  second  orifice.*  The  idea  that  the  alimentary 
particles  are  not  received  into  distinct  visceral  cavities,  but  lie  loosely  in  the 
midst  of  the  gelatinous  matter  of  the  body,  in  which  they  make  as  it  were 
stomachs  for  themselves,  is  strengthened  by  the  fact,  that  there  are  some 
Animalcules,  that  seem  Uttle  else  than  masses  of  Uving  jelly  (such 
as  Ameiba  and  Dijffhtgia),  in  which  this  is  pretty  certainly  the  case. 
Whichever  view,  however,  be  the  correct  one,  it  appears  certain  that  no 
special  absorbing  organs  are  yet  developed  in  these  soft-bodied  creatures ; 
and  the  extension  of  the  digestive  cavity  through  the  whole  system,  by 
which  nutrient  materials  are  directly  conveyed  to  every  part,  seems  to 
prevent  the  necessity  for  any  such  provision. 

313.  Among  the  ACALEPHifi,  the  digestive  system,  although  formed 
upon  a  simple  type,  exhibits  a  very  complex  arrangement.  In  the  Medusa 
(Fig.  89),  the  mouth,  situated  on  the  lower  surface  of  the  disk,  in  the 
centre  of  the  four  tentacula,  leads  to  a  capacious  stomach,  partly  divided 
into  four  portions  by  the  ovarial  sacs,  which  have  separate  external  orifices. 
From  this  central  cavity,  prolonged  canals  ramify  minutely  through  the 
tissues,  and  are  especially  distributed  on  the  margin  of  the  mantle,  where 
the  aeration  of  the  fluid  seems  principally  efiected.  In  other  species, 
sach  as  the  Bhizostoma,  the  stomach  has  no  large  orifice,  but  imbibes 
its  fluid  by  vessels  contained  in  the  tentacula,  and  opening  by  minute 
pores  on  the  surface  ;  before  these  openings  were  discovered,  the  cavities 
were  supposed  to  be  filled  by  endosmose.  The  ramifying  canals  are  here 
even  more  complex,  and  are  distributed  most  minutely  on  the  free  margin 
of  the  mantle,  the  propulsive  movements  of  which  evidently  assist  in  its 
aeration.  Here  we  perceive  an  enormous  extension  of  the  digestive  cavity, 
compensating  for  the  absence  of  a  special  vascular  system,  which  is  not 
yet  developed.  In  the  Beroe  (Fig.  90)  and  other  aUied  species,  there  is  an 
alimentary  canal  passing  through  the  body,  with  a  capacious  dilatation, 
serving  as  the  stomach,  which  sometimes  occupies  nearly  its  whole  bulk. 
When  there  is  no  food  in  it,  both  orifices  remain  open  ;  and  as  the  animal 
swims  with  its  mouth  forwards,  a  constant  current  of  water  is  passing 

*  See  Rymer  Jones,  in  Outline  of  the  Animal  Kingdom,  p.  57 ;  Meyen,  in  Ann.  of  Nat. 
Hist.  vol.  m.  p.  100  ;  and  Dujardin,  in  the  same  volume,  p.  170  ;  with  the  general  state- 
ments of  these  Naturalists,  the  Author's  own  observations  lead  him  to  coincide. 
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through  :  but  when  alimentary  matter  touches  the  walls  of  the  stomach, 
its  orifices  are  immediately  eoutracted,  and  the  digestive  process  hegins. 
Ramified  biliary  folhcles  appear  to  surround  the  stomachs  of  some  of  the 
higher  species,  assisting  the  process  of  digestion,  by  the  secretion  they 

314.  Among  the  echinodermata,  we  find  an  important  addition  to 
the  digestive  system,  in  the  development  of  a  distinct  circulatiug  ^pa- 
ratua ;  and  ta  proportion  to  the  perfection  of  this,  do  we  observe  the 
absorbent  surikce  diminished,  as  in  plants.  In  the  common  Jsteriat^ 
the  stomach  has  but  one  orifice,  and  not  only  occupies  the  central  d 
but  sends  ccecal  prolongations  into  the  rays.  Upon  these  we 
absorbent  vessels,  which  may  be  regarded  as  veins,  minutely  i 
In  the  Comatula  and  Pentacriitus,  these  cceca  are  rudimentary,  tlie  a 
mach  being  confined  to  the  disk  ;  and  this  also  coutains  ttvo  conTolutiai 
of  a  cylindrical  intestine,  which  terminates  by  a  separate  orifice  near  t 
month.  Rising  through  the  Clypeaster  and  Spatangus  {§  1*13)  to  t 
Echinus,  we  observe  the  two  orifices  becoming  more  and  more  dista; 
until,  in  the  last,  they  are  situated  on  opposite  sides  of  the  body. 
Holothuria,  as  in  the  Echinus,  the  intestinal  tube  varies  Uttle  in  diametM 
from  one  extremity  to  the  other ;  in  some  species  we  find  not  only  biliary 
but  salivary  follicles  ;  and  the  absorbent  veins  are  distributed  on  the  in- 
testine through  the  mesentery,  or  membrane  which  hinds  it  to  the  walls  of 
the  general  cavity  of  the  body.  Tlie  firm  tegument  of  these  animals  wiiat 
almost,  if  not  entirely,  check  that  absorption  of  fluid  through  the  exterior 
surface,  which,  in  the  classes  previously  mentioned,  appears  to  perform  a 
most  important  part  in  nutrition. 

315.  There  is  considerable  uniformity  in  the  structure  of  the  digestiv* 
apparatus  throughout  the  sub-kingdom  Articolata.  It  usually  par- 
takes of  the  character  of  the  body  itself,  being  elongated  and  narrow. 
with  Uttle  dilatation  in  any  part ;  this  is  in  conformity  with  the  general 
habits  of  the  group,  which  are  carnivorous  ;  and  it  will  be  found,  here  as 
elsewhere,  that,  the  more  highly  organised  is  the  food,  the  more  simple  is 
the  apparatus  required  to  reduce  it.  In  all  but  the  very  simplest  entozoa 
there  are  two  orifices  to  the  ahmentary  canal ;  and  these  are  situated  uear 
the  opposite  extremities  of  the  body.  In  some  of  these,  however,  the 
head,  which  is  generally  furnished  with  cuned  spines  or  hooks,  does  nol 
appear  so  much  concerned  in  the  nutrition  as  in  the  ottachment  of  thu 
animal ;  and  nourishment  more  seems  derived  by  general  superficial  all- 
sorption,  tban  by  the  mouth.  As  long,  in  fact,  as  the  integument  remains 
soft,  and  the  alimentary  surface  is  improvided  with  definite  absorbent  vessels, 
the  former  seems  almost  as  important  to  nutrition  as  the  latter.  In  these 
parenchymatous  worms,  therefore,  we  return  to  the  simplest  condition  of 
the  nutritive  a])paratus,  in  which  the  aliment  is  brought  into  iinmediaW 
relation  with  the  tissues  to  be  supplied.     It  is  very  interesting  to  reioaik 
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that,  in  some  of  the  lowest  of  the  Vermiform  trihes,  the  entrance  to  the 
digestive  canal  is  not  by  one  orifice,  but  by  several,  which  seem  to  act  as  so 
many  polypes  among  Zoophytes.  In  the  Tania  (tape-worm),  there  are  four 
of  these,  leading  to  two  canals,  which  remain  separate  during  their  whole 
length,  but  are  connected  by  transverse  canals  in  each  segment. 

316.    In  the  higher  species  of  Entozoa,  as  in  most  of  the  other  Arti- 
culata,  we  find  a  vascular  system  superadded  to  the  digestive,  and  thus 
superseding  the  necessity  of  the  ramification  of  the  latter  through  the 
body.     The  intestine,  not  being  in  them  merely  channelled  out  of  the 
tissues,  but  having  the  character  of  a  distinct  tube,  is  attached  to  the 
walls  of  the  cavity  in  which  it  Hes,  by  a  mesentery,  as  in  the  higher 
£chinodermata ;  and  in  this,  the  absorbent  vessels,  which  form  as  yet  only 
a  portion  of  the  general  vascular  system,  are  distributed  to  its  surface. 
In  Fig.   Ill   are  shown,  on  one  side  the  digestive  system,  and  on  the 
other  the  vascular  apparatus,   of  the  curious  Diplozoon  paradoxum,   a 
parasite  infesting  the  gills  of  fishes.     In  some  of  this  class,  we  observe  the 
first  rudiment  of  a  hver,  in  the  coeca  (tubes  closed  at  one  extremity)  which 
are  prolonged  from  the  intestinal  canal.     These  are  observed  gradually  to 
become  more  numerous,  as  we  ascend  the  scale,  and  to  open  into  some 
definite  point  in  the  alimentary  tube,  which  is  always  in  the  neighbour- 
hood of  the  dilatation  that  may  be  regarded  as  the  stomach,  where  such 
exists.     At  the  same  time  we  find  masticating  organs  superadded,  which 
are  furnished  with  rudimentary  salivary  glands,  having  a  similar  coecal 
form,  like  those  of  the  Echinus.     Some  of  these  parts  are  represented  in 
Fig.  104,  which  shows  the  jaws,  a,  a,  stomach,  6,  and  bihary  coeca,  c,  c, 
'  d  ihe  JHglena  Iacu9tri8,  one  of  the  rotifera  (§  126).     In  the  Anne- 
lida, and  MYRIAPODA,  the  alimentary  canal  usually  retains  its  straight 
form,  but  exhibits,  in  the  higher  orders  at  least,  a  more  definite  separation 
into  parts.     The  mouth  gradually  becomes  more  complex  in  structure, 
being  endowed  with  distinct  organs  for  mastication  or  for  suction ;   the 
(esophagus  is  usually  narrow,  and  then  dilates  into  a  larger  cavity — the 
stomach, — ^which  is  frequently  provided  with  a  firm  muscular  coat,  like 
the  gizzard  of  birds.      Below  this,  the  intestine  is  generally  narrower, 
bat  sometimes  dilates  again  near  its  termination,  as  in  higher  animals. 
Where  the  canal  is  more  uniform  in  size  throughout,  as  in  the  Leech  and 
Earthworm,  the  biliary  coeca  are  short  and  numerous,  and  are  disposed  along 
nearly  its  whole  length,  instead  of  being  restricted  to  the  neighbourhood 
of  the  stomach.     They  may  always  be  distinguished,  however,  as  secreting 
organs,  firom  such  prolongations  of  the  digestive  cavity  itself  as  we  observe 
in  the  Asterias  ;  since  the  contents  of  the  tube  are  never  seen  to  pass  into 
them,  and  they  exhibit  the  yellow  colour  pecuhar  to  their  secretion.     It 
might  be  expected  from  the  general  Molluscous  form  and  condition  of  the 
ciRRHOPODA,  that  the  characters  of  their  digestive  system  should  assimi- 
late with  those  exhibited  in  that  division.     This  is  indeed  the  case ;  for  we 
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here  find  a  dcrelopment  of  the  salivary  glands  and  liver,  quite  dispropfl 
tioii)it«  to  the  general  perfection  of  their  structure  aa  Annulose  aainialfl,44 
these  organs,  aa  we  shall  presently  see,  being  evolved  in  the  Mollusca  ii 
inverse  proportion  to  their  possession  of  animal  power. 

317.  In  INSECTS  we  find  the  digestive  apparatus  presenting  nearly  ti 
same  general  characters  as  in  higher  animals ;  and  the  variations  i 
conformation,  which  adapt  it  to  the  respective  kinds  of  food  upon  which 
the  different  species  esist,  are  extremely  well  marked,  and  sen'e  as  the 
foundation  of  the  primary  division  of  the  group  (§  122).  Food  is 
taken  into  the  mouth  either  hy  means  of  a  long  delicate  proboscis  or  haug- 
telliiim  adapted  for  suction,  as  in  the  Moth  tribe,  or  hy  the  operation  of 
tnatidibles  or  jaws  armed  with  teeth  for  cutting  and  tearing,  as  in  thy  Bei'tlr 
kind.  It  is  interesting  to  observe,  however,  that  in  both  cases  the  nioiitb 
is  formed  of  the  same  parts ;  the  difference  of  its  form  being  produwil 
hy  a  difference  in  their  relative  development.  In  the  Bee  and  other 
Hymenoptcra,  the  mandibulate  form  is  adapted  to  the  office  of  a  pro- 
boscis. These  parts  often  change  their  form  during  the  metamorphoms, 
when  the  food  of  the  imago  differs  from  that  of  the  larva.  Where  the 
food  is  subject  to  much  trituration  in  the  mandibles,  the  salivary  glands 
are  large ;  but  they  still  esist  only  in  the  condition  of  prolonged  caca 
(chap.  XI.).  The  oesophagus  (a,  Fig.  105)  is  usually  narrow  above,  and 
dilates  below  into  a  crop,  b,  which,  like  that  of  birds,  seems  destined 
to  commence  the  digestive  process,  by  macerating  the  food  in  the  fluid 
secreted  by  its  follicles.  Below  this  is  a  muscular  stomach  or  gizzard,  c, 
for  mechanically  reducing  the  food  ;  but  the  development  of  this  depends 
on  the  nature  of  the  aliment,  and  it  is  altogether  absent  in  those  which 
live  by  suction.  The  true  stomach,  d,  however,  is  never  wanting,  and  is 
always  distinctly  separate,  in  the  adult  state,  from  the  rest  of  the  canal. 
It  is  surrounded  by  bibary  cffica,  which  usually  open  near  its  termination, 
The  form  and  size  of  the  lower  intestine  vary  much  in  different  species ; 
being  straight  and  narrow  in  carnivorous  insects,  and  convoluted  with 
occasional  dilatations  in  the  vegetable-feeders.  In  most  adult  insects,  we 
observe  very  long  convoluted  and  often  branched  ceeca,  e,  e,  which  open 
into  the  intestinal  canal,  at  a  variable  distance  between  the  stomach  and 
its  termination.  These  have  been  usually  regarded  as  analogous  to  the 
hver ;  and  yet  their  entrance  below  the  part  where  digestion  takes  place 
seemed  incompatible  with  what  is  known  of  the  uses  of  the  hite  in  otbcr 
instances.  It  has  been  shown,  however,  by  analysis  of  their  contents, 
that  they  are  to  be  regarded  aa  urinary  organs  ;  and  that  the  fluid  thej 
pour  into  the  canal  is  strictly  an  excretion,  as  the  position  of  their 
orifice  would  iuchcate.*  The  digestive  apparatus  of  the  arachnida  and 
CRUSTACEA,  which  are  all  carnivorous,  resembles  that  of  the  predaccoiis 
Insects,  in  the  shortness  and  simplicity  of  the  alimentary  canal ;  and  the 

•  MuUer'B  Physiology,  p.  513. 
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dilatations  on  it  are  nowhere  considerable.  The  hver  now  begins,  how- 
ever, to  assume  a  more  concentrated  form,  the  follicles  and  cceca  being 
aggregated  into  lobules  of  soHd  appearance  (§  527)  ;  and  in  the  higher 
Crustacea  the  entrance  to  the  stomach,  as  well  as  the  mouth,  is  guarded 
with  teeth,  which  are  moved  by  powerful  muscles,  and  have  a  firm  calca- 
reous structure. 

318.   The  development  of  the  digestive  system  of  the  Molluscous 
classes  presents  a  remarkable  contrast  with  that  which  we  have  been  just 
considering.     Whilst  the  generally  acute  sensations  and  active  locomotive 
powers  of  the  Articulated  tribes  enable  them  to  go  in  search  of  their  prey, 
and  to  select  that  which  they  are  capable  of  digesting  with  the  greatest 
fiudUty, — the  MoUusca  are  usually  either  fixed  to  one  spot,  or  confined,  by 
the  want  of  means  of  active  locomotion,  within  a  very  narrow  range,  and 
their  perceptions  seem  proportionably  obtuse.     Being,  therefore,  depend- 
ent upon  casual  supphes  for  their  support,  their  digestive  organs  are 
adapted  to  much  greater  variety  of  food,  and  to  act  upon  organised  matter 
of  a  kind  much  inferior  to  the  tissues  of  the  animals  themselves.     Even 
in  the  lowest  of  this  group,  we  observe  a  form  of  the  alimentary  canal 
nearly  as  complex  as  that  of  Insects.     Thus,  in  the  Cynthia,  one  of  the 
TUNiCATA  (Fig.  83),  we  see  the  oesophagus  (the  entrance  to  which,  e,  Hes 
at  the  bottom  of  the  sac  of  the  mantle,  into  whose  cavity  water  is  con- 
stantly being  received  by  the  aperture,  a,)  leading  to  a  wide  stomach,  c?, 
surrounded  by  bihary  folHcles ;  and  from  this  passes  a  convoluted  intestine, 
e,  which  terminates,  near  the  second  aperture  of  the  mantle,  d,  through 
which  also  are  constantly  being  expelled  the  currents  that  have  passed 
over  the  respiratory  organs.    The  same  character  is  evident  in  the  conchi- 
FERA;  but  the  development  of  the  glandular  organs  is  greater;  and  the  Hver 
assumes  a  solid  lobulated  form.     The  aperture  by  which  the  surrounding 
water  enters  the  mantle  for  the  supply  of  the  digestive  system,  and  for  the 
purpose  of  respiration,  is  here  usually  fringed  vnth  tentacula,  and  some- 
times the  rudiments  of  eyes  are  discernible  in  its  neighbourhood.     Among 
the  GASTEROPODA  wc  find  a  much  more  complex  apparatus,  especially  in 
the  herbivorous  species.     The  mouth  is  now  situated  on  a  prominent  part 
of  the  body,  and  in  the  neighbourhood  of  organs  of  sensation.     It  is  often 
furnished  with  jaws  and  a  fleshy  tongue,  as  well  as  with  sahvary  glands  ; 
in  the  Limpet,  the  tongue,  when  extended,  is  longer  than  the  whole  body, 
and  is  covered  with  regular  rows  of  sharp  spines,  which  file  down  the 
coarse  marine  plants  on  which  the  animal  feeds.     The  food  is  delayed  in 
a  crop,  which  is  of  very  large  size  in  the  vegetable-feeders ;   after  being 
there  macerated,  it  is  subjected  to  trituration  in  the  small  gizzard,  which 
is  often  ftu-nished  with  teeth,  as  in  the  Crustacea,  and  is  then  transmitted 
to  the  third  digestive  cavity,  or  true  stomach  ;   this  receives  the  secretions 
of  the  large  lobed  hver,  and  rudimentary  pancreas,  and  is  armed  on  its 
interior  with  sharp  homy  spines,  which  may  serve  to  separate  the  food  for 
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its  exposure  to  the  action  of  these  fluids.  The  intestine  forms  several  con- 
volutions round  the  liver,  but  does  not  again  dilate  consider^ly.  The 
digestive  system  of  the  pteropoda  does  not  essentially  differ  from  this  ; 
nor,  indeed,  does  that  of  the  cephalopoda,  except  in  the  higher  develop- 
ment of  its  different  parts,  which  present  more  of  the  forms  exhibited  in 
Vertebrated  animals.  The  liver,  for  instance,  no  longer  consists  of  a  num- 
ber of  separate  portions  covering  the  intestine,  and  opening  into  it  bv  ns 
many  orifices  ;  hut  it  is  a  solid  stnicture,  completely  separated  from  the 
walls  of  the  digestive  cavity,  and  pouring  all  its  secretion  into  one  tube, 
which  conveys  it  to  the  intestine,  its  aperture  being  guarded  by  two  valvu- 
lar folds.  The  pancreas  also  assumes  a  more  definite  appcarauee  (^  52S). 
The  intestine  in  the  naked  species  receives,  near  its  terminatiou  in  the 
Junnel  (c,  Fig.  78),  the  duct  of  the  ink-hag  (§  132),  the  secretion  of  whieh 
is  so  important  to  the  protection  of  these  animals  ;  this  may  not  impro- 
bably be  regarded  as  analogous  to  the  urinary  excretion  of  the  Vertebrata, 
since  uric  acid  has  been  found  to  be  secreted  by  a  gland  similarly  placed  io 
other  MoUusca. 

319.  Throughout  all  the  classes  of  Vertebrata,  we  observe  a  consi- 
derable elevation  in  the  characters  of  the  digestive  apparatus,  adapted  Ki 
prepare  nutriment  for  their  highly-organised  bodies.  In  all  instances 
there  is  a  provision  for  the  mechanical  reduction  of  the  food,  either  in 
the  mouth  or  first  stomach,  the  operation  being  assisted  by  a  salivary 
apparatus ;  the  hepatic  and  pancreatic  secretions  are  formed  by  distinct 
glands  of  increasing  complexity,  and  are  poured  into  the  intestinal  tubf 
just  below  the  stomach,  which  always  exhibits  an  evident  dilatation  ;  and 
the  lower  part  of  the  intestine  again  widens  into  tiie  colon,  where  an 
important  part  of  the  digestive  process  appears  sometimes  to  be  performed. 
But  the  most  important  change  which  we  here  find  in  its  conditions,  is 
the  addition  of  a  special  system  of  absorbent  vessels,  designed  to  take  up 
from  the  walls  of  the  cavity  the  nutritious  portion  only  of  its  contents. 
These  vessels  are  termed  lacteah,  from  the  milky  character  of  their  con- 
tents ;  their  origin  and  structure  have  been  abeady  described  (§  306) ;  anJ 
their  connection  with  the  general  absorbent  system,  and  their  termination 
in  the  circulating  apparatus,  will  be  hereafter  shown  (chap.  vii.).  Il 
cannot  be  doubted  that  the  absorption  of  chyle,  or  the  nutritious  fluid 
prepared  by  the  digestive  process,  and  separated  from  the  excretnentitioui 
matter,  is  the  special  function  of  this  system;  and  it  seems  weO  ascertained 
that  its  absorbent  vessels  exercise  a  power  of  selection  like  that  of  thr 
roots  of  plants  (§  294),  since  many  substances  introduced  into  the  intes- 
tinal canal  cannot  be  recognised  in  the  chyle.  But  the  general  vascular 
system  still  retains  in  some  degree  that  power  which  was  restricted  to  it  in 
the  Invertehrata  ;  for,  though  no  longer  concerned  in  the  absorption  of  the 
nutritive  contents  of  the  digestive  cavity,  it  seems  to  take  up  most  of  the 
extraneous  matters  which  arc  introduced  into  the  system,  and  to  be  the 


hief  medium  of  the  operation  of  poisonous  ageiita.  Although  some  of 
e  may  be  detected  iu  the  chyle,  as  well  as  in  the  blood  and  the  seere- 
)  from  it,  they  probably  enter  the  lacteals  by  the  same  kind  of  me- 
Lnical  imbibition  whieh  causes  them  to  permeate  other  tissues,  and  the 
sorption  of  them  does  not  seem  a  part  of  the  regular  fiiuction  of  these 

^320.  We  find  in  the  Vertedrata,  as  in  the  other  dirisions  of  the 
mal  kingdom,  a  peculiarly  well-marked  distinction  between  those  forms 
Ttf  the  digestive  apparatus  which  are  adapted  to  reduce  animal  nutrimeat 
lo  the  condition  necessary  for  its  absorption,  and  those  wliich  have  to 
operate  in  the  conversion  of  vegetable  matter  to  the  same  state.  These 
two  forms  might  be  contrasted  with  those  respectively  presented  by  the 
Artieulated  and  Molluscous  clossea.  In  the  former,  the  alimeotary  canal 
is  short  and  simple,  without  any  large  dilatations ;  in  the  latter  it  poa- 
stsses  wide  cavities  for  delaying  the  food  and  submitting  it  to  the  action 
of  the  digestive  secretions ;  and  the  remainder  of  the  canal  is  very  much 
elongated,  and  disposed  in  convolutions,  for  the  sake  of  bringing  it 
nithin  narrow  compass.  It  is  interesting  to  remark  how  the  Annnlose 
chtracter  may  be  traced,  botli  in  the  conformation  and  habits  of  many 
iamihes  among  Vertcbrata.  Thus,  among  fibhes,  we  find  the  moat 
simple  alimentary  canal  belonging  to  those  with  elongated  bodies,  which 
obtain  their  food  by  Bueknig  the  juices  of  other  animals.  In  the  Lara- 
prey,  for  instance,  the  whole  intestinal  tube  from  one  orifice  to  the  other 
ii  shorter  than  the  length  of  tlie  body,  being  perfectly  straight,  and  having 
Httle  dilatation.  In  some  cartila^iious  fishes,  such  as  the  Shark  and 
Bay,  the  intestine  appears  straight  externally  ;  but  its  real  length  is 
pe*tly  increased  by  a  spiral  fold  of  membrane,  which  winds  along  the 
canal  from  one  end  to  the  other,  so  as  to  convert  it  into  an  helical  tube. 
And  in  the  Sword-fish,  the  intestine  has  an  evident  spiral  disposition, 
presenting  seven  turns  before  it  enlarges  into  the  wide  colon  which  termi- 
nates it.  in  the  class  of  rbftii.es,  again,  we  find  the  Serpents  and  most 
of  the  LUarda  adapted  for  animal  food  ;  and  the  short  and  slightly-eon- 
Tolutcd  form  of  their  intestinal  canal  corresponds  with  the  form  of  their 
bodies.  In  the  C/ieloniana,  on  the  other  hand,  which  arc  mostly  herbivo- 
rotTs,  and  in  their  conformation  and  habits  present  so  much  resemblance 
to  the  Mollusca,  we  find  the  digestive  system  assuming  a  form  of  great 
complexity ;  the  stomach  being  widely  dilated,  the  intestine  convoluted 
and  often  more  than  six  times  the  length  of  the  trunk,  the  surface  of  the 
mucous  coat  extended  by  folds,  and  tbe  glandular  apparatus  highly  deve- 
loped. The  digestive  organs  of  the  Bnlnirhin  partake  of  the  metamor- 
phosis, which  has  such  an  extraordinary  influence  on  other  systems.  In 
the  tadpole  condition,  the  food  consists  of  the  soft  and  decaying  animal  and 
vegetable  matter  of  onr  ponds,  which  requires  much  elaboration  to  convert 
it  inta  nutritive  materials.     The  intestine  is  here  of  enormous  length,  with 
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little  dilatation  m  any  part,  and  coiled  spirally  in  the  abdomen.     After  i 
adiilt  form  is  attained,  the  food  ia  mostly  animal ;   and  the  whole  t 
becomes  greatly  shortened  in  relation  to  the  body,  scarcely  any  coutc 
tious  being  now  presented ;  but  the  separation  of  its  parts  ia  more  evided 
the  stomach  and  colon  existing  as  distinct  dilatations. 

321.  The  digestive  organs  of  birds  will  here  require  but  little  descri^ 
tion,  since  they  have  already  been  so  frequently  alluded  to.  The  absence 
of  teeth  prevents  mastication  in  the  mouth  ;  and  where  the  nature  of  the 
food  requires  insaliyation,  it  ia  performed  in  the  crqn  (a,  Fig.  IOC),') 
dilatation  of  the  oesophagus  copiously  furnished  with  secreting  foUidt 
In  the  rapacious  Birds,  however,  this  is  absent  or  very  little  developed^ 
Fig.  107).  The  second  stomach,  or  ventrienlut  succenturiahis  (i,  1 
lOB,  107,)  is  the  one  in  whose  parietes  the  gastric  secretion  appears  to  1k' 
formed,  which  is  the  most  active  in  the  solution  of  the  food.  This  ia 
thoroughly  incorporated  with  it  in  the  ffizzart/,  e,  which  is  a  hollow 
muscle,  furnished  with  a  hard  tendinous  lining.  In  the  graminivorous 
Birds  it  is  eiti-emely  strong  and  thick ;  and  pebbles  are  swallowed  by  lli* 
animal,  to  assist  mechanically  in  the  reduction  of  the  food.  In  the  rapa- 
cious Bird.'f,  however,  no  such  assistance  is  required,  the  food  being  easv 
of  solution ;  and  the  walls  of  the  gizzard  are  thin  and  membranous, 
(although  not  destitute  of  muscular  and  tendinous  fibres),  and  the  three 
cavities  are  almost  continuous  (Fig.  107).  The  remainder  of  the  intes- 
tine exhibits  Uttle  variation  in  diameter  until  it  approaches  its  outlet ;  but 
we  obsene  in  many  of  the  graminivorous  species  two  ctuious  appendages 
in  the  form  of  cccca,  opening  into  the  tube  (Fig.  106,  it).  The  use  of 
these  is  not  known ;  but  they  are  found  of  considerable  size  in  many 
Mammalia,  and  in  a  rudimentary  form  in  man. 

322.  Among  the  mammalia  we  observe  the  highest  development  of 
the  digestive  organs,  the  diilerent  forms  of  which  are  closely  connected 
(as  has  been  already  seen,  §  250)  with  the  structure  of  every  other  part  of 
the  fabric.  The  mechanical  division  and  insalivation  of  the  food  are 
here  performed  in  the  mouth  ;  and  many  species  are  provided  with  check- 
pouches,  which  answer  the  same  purpose  as  the  crop  of  birds.  The 
structure  of  the  stomach  is  determined  by  the  nature  of  the  food ;  its 
cavity  being  small,  and  almost  in  a  Une  with  the  caual,  in  the  carnivorous 
species  ;  whilst  in  the  herbivora  it  is  large  and  cnmples,  with  ctccal  dilata- 
tions in  which  the  food  is  delayed.  In  the  herbivorous  Cetacea  and 
Ruminating  quadrupeds,  it  assumes  its  most  peculiar  form.  In  the 
latter,  the  food  first  enters  a  large  cavity  termed  the  inff/ume*  or  paunrk 
(Fig.  1 10,  a),  which  is  analogous  to  the  crop  of  birds,  receiving  the  cnide 
unmaaticated  food,  and  moisteidng  it  by  its  secretions.  It  is  thence 
transmitted  into  the  second  cavity,  b,  which,  from  tlie  reticulated  appear- 
ance of  its  walls,  occasioned  by  tlie  irregular  folding  of  its  internal 
mcmbrauc,   is   termed  the  retiadttm  or  haiieij-comb  stomach .     This  cavilv 
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has  an  immediate   commmiication  with   the   oesophagus ;    and  hy  two 
valvular  folds  with  which  the  opening  is  provided,  the  aliment  swallowed 
is  directed,  either  into  the  first  stomach,  if  it  be  crude  and  unmasticated, 
— ^into  the  second,  if  it  be  fluid, — or  into  the  third,  after  it  has  been 
returned  to  the  mouth.     The  second  stomach  appears  the  appropriate 
receptacle  for  the  fluid  which  is  swallowed ;    and  it  is  here  that  the 
remarkable  provision  of  water-cells  is  found,   for  which  the  camel  has 
been  so  celebrated,  but  which  exists,  in  a  greater  or  less  degree,  in  most 
Ruminantia.     These  cells  (represented  in  Fig.  108)  are  bounded  by  mus- 
cular fasciculi,  by  the  contraction  of  one  set  of  which  their  orifices  will 
be  closed  and  their  contents  retained,  and,  by  the  other,  their  fluid  may  be 
expelled.      It  is  very  interesting  to  trace  the  same  arrangement  presented 
in  a  rudimentary  form  in  the  stomachs  of  man  and  other  animals ;  for  on 
examining  the  disposition  of  their  muscular  coat,  the  fibres  are  found  to 
lie  in  the  manner  shown  in  Fig.  109.     In  this  second  stomach,  the  food 
transmitted  from  the  first  is  rolled  up  into  balls,  which  are  transmitted  at 
intervals  to  the  mouth,  where  they  are  again  masticated,  and  completely 
ground  down.     When  finally   swallowed,   the  food  is  directed,   by  the 
peculiar  contrivance  already  adverted  to,  into  the  third  stomach,  c,  the 
omasum,  commonly  called  the  many-plies,  from  the  pecuUar  manner  in 
which  its  lining  membrane  is  disposed.     This  presents  a  number  of  folds 
lying  nearly  close  to  one  another  like  the  leaves  of  a  book,  but  all  directed 
by  their  free  edges  to  the  centre  of  the  tube ;  a  narrow  fold  intervening 
between  each  pair  of  broad  ones.     The  food  has  therefore  to  pass  over  a 
large  surface,  before  it  can  reach  the  outlet  of  the  cavity,  which  leads  to 
the  ahomaxwm  or  fourth  stomach,  d,  commonly  called  the  reed.     This  is 
the  seat  of  the  true  digestive  process,  the  gastric  secretion  being  confined 
to  it ;  and  it  is  from  this  that  the  rennet  is  taken,  which  is  employed 
in  coagulating  milk, — a  power  it  derives  from  the   acid  with  which  it 
is  imbued.     In  the  young  animal,  the  milk  which  forms  its  nourishment 
passes  directly  into  this  stomach, — the  aperture  leading  to  the  first  and 
second  being  closed,  and  the  folds  of  the  third  adhering  together  so  as  to 
form  a  narrow  undivided  tube.     In  many  herbivorous  animals,  the  intes- 
tine is  of  enormous  extent,  dilating  below  into  large  cavities  with  folded 
surfaces;  and  in  the  Sheep  it  is  thirty  times  the  length  of  the  body. 
Approaches  to  this  complex  structure  may  be  seen  in  other  herbivorous 
orders,  such  as  the  Pachydermata  and  Rodentia,  which  have  stomachs 
more  or  less  completely  divided  internally  by  a  partition,  although  this 
division   is   not   indicated   externally.     In   the    Camivora,  on   the  other 
hand,  the  stomach  is  small,  the  membrane  lining  the  canal  is  not  folded, 
the  intestine  is  not  dilated  below,  and  the  whole  length  of  the  tube  some- 
times, as  in  the  Felinee,  is  not  more  than  three  times  that  of  the  body. 

323.    The  evolution  of  the  apparatus  for  nutritive  absorption  having 
been  thus  traced  from  its  simplest  and  most  general,  to  its  iiciost  eoxtt^e^ 
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and  specialised  form,  it  remains  to  be  enquired  how  fer  the 
face  retains  in  the  highest  Animals,  as  in  plants,  that  power 
peculiarly  characterised  it  in  the  lower ;  and  whether  it  has  entirely 
rendered  the  function  of  absorption  to  the  VBscular  ajiparatus  distributed 
upon  the  walls  of  the  digestive  cavity,  or  atUl  contributes  to  it  in  a  sub- 
ordinate degree.  It  seems  now  well  established  by  experiment,  that  the 
latter  is  the  case ;  and  that  in  animals  with  a  soft  skin,  and  even  in  those 
partly  covered  with  scales,  an  absorption  of  fluid  may  take  place,  either 
from  water  in  contact  with  it,  or  from  a  moist  atmosphere,  especially 
when  the  usual  amount  of  fluids  in  the  body  has  been  diminished  by 
excessive  transpiration  or  in  other  ways.  Thus  Dr.  S.  Smith  mentions 
that  a  man  who  had  lost,  during  an  hour  and  a  quarter's  labour  tn  the 
Gas  Works,  21bs.  l.^oz.,  regained  8oz.  by  immersion  in  a  warm  hath  ut 
9.1°  for  lialf  an  hour.*  Although  cutaneous  absorption  can  scarcely  he 
regarded  as  the  regular  channel  for  the  introduction  of  fluid  into  the,, 
system,  it  is  obviously  a  most  important  supplementary 
capable  of  acting  most  energetically,  when,  from  any  cause,  there 
diminution  of  the  usual  supplies,  or  an  excessive  expenditi 

324.  To  enter  at  length  into  the  embrj-onic  development  of  the  diges- 
tive apparatus,  would  be  incompatible  with  the  plan  of  tliis  work  i  but  > 
general  view  of  it  may  he  given.  Its  simplest  evolution  may  he  seen  in 
the  gemmules  of  the  Sponges,  which  at  first  are  permeated  by  no  canals  j 
but,  as  they  fix  themselves,  depressions  are  seen  on  their  surface,  which 
gradually  deepen  into  tubes,  and  these  ramily  and  unite  to  form  the 
system  of  passages  peculiar  to  these  beings.  In  the  Radiata  in  general  it 
ajipears  to  be  formed  simply  by  the  inner  layer  of  the  germinal  membrane, 
which  spreads  itself  over  the  yolk,  and  forms  a  bag,  at  first  closed,  but 
afterwards  perforated  by  an  orifice  which  constitutes  the  mouth  (§  619,20). 
Its  most  complex  forms  may  be  traced  from  an  equally  simple  commence- 
ment; for  in  the  embryo  of  the  Vertebrata  the  intestinal  canal  first  cicists 
as  H  straight  tube,  formed  by  a  fold  of  the  germinal  membrane ;  thus 
evidently  corresponding  with  its  condition  in  the  lower  Annuloae  tribes. 
The  two  ends  of  this  tube  are  at  first  closed,  the  middle  portion  opening 
into  the  yolk-bag,  which  contains  its  store  of  temporary  nutriment.  In 
the  human  foetus,  the  oral  opening  is  formed  at  the  6th  week,  the  opposite 
oue  a  week  later;  sometimes  the  latter  remains  closed  even  until  birth. 
Tlie  stomach  is  first  distinguished,  by  a  projection  of  the  tube  towards  the 
left  side,  about  the  !)th  week ;  but  the  separation  of  the  small  and  large 
intestines  is  of  much  later  occurrence.  The  folds  of  the  mucous  uieui- 
brane,  which  are  confined  to  higher  animals,  do  not  appear  until  a  late 

*  For  H  very  able  and  comploM  disciuiuon  of  this  subject,  and  for  mooj  Talnnble  fiicU 
and  experiments,  the  author  li.ia  much  pleasure  in  referring  to  the  Prize  Ewa/  01 
CulanEOUa  AbHOrptJou,  by  hie  friend  Dr.  Madden.     Eiliiih.  1  HSU. 
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period  of  gestation.  The  intestine  gradually  acquires  increased  length, 
that  portion  heing  most  extended  longitudinally,  which  remains  of  the 
smallest  diameter.  The  development  of  the  digestive  glands  will  he 
hereafter  noticed  (chap.  xi.). 


CHAPTER  VI. 
circulation  of  nutritive  fluid. 

General  Considerations, 

325.  In  beings  of  the  most  simple  organisation,  whether  belonging  to 
the  Animal  or  the  Vegetable  kingdom,  we  have  seen  that  every  part  of 
the  surface  is  equally  capable  of  absorbing  the  fluid  aUment  brought  in 
contact  with  it ;  and  that  the  materials  of  the  tissues  are  supplied  by  the  con- 
stant permeation  of  the  nutriment  thus  immediately  derived  from  external 
sources.  In  such,  therefore,  it  might  be  inferred  that  no  transmission  of 
fluid  from  one  portion  to  another  would  be  required  for  the  purposes  of 
the  economy ;  and  we  find  no  evidence  of  its  existence,  either  in  a  struc- 
ture specially  adapted  to  it,  or  in  any  visible  motion  of  such  fluid.  As  in 
more  complex  organisms,  however,  a  small  part  only  of  the  surface  is 
particularly  appropriated  to  the  function  of  Absorption,  it  becomes  evi- 
dently necessary  that  means  should  exist,  of  conveying  to  distant  parts 
the  nutriment  they  require.  This  is  efiected  by  the  circulation  of  the 
fluid  taken  up  by  the  absorbents,  through  vessels  or  passages  adapted  to 
this  purpose ;  and  it  may  be  regarded  as  a  general  statement  of  the  con- 
dition of  this  vascular  system  in  all  classes  of  hving  beings,  that  its 
development  is  proportional  to  the  degree  of  limitation  of  the  power  of 
absorption,  by  which  the  parts  imbibing  aliment  are  insulated  from  those 
requiring  suppHes.  But  the  conveyance  of  nutrient  fluid  to  the  remote 
parts  of  the  system,  is  not  the  only  object  to  be  fulfilled  by  the  circulating 
apparatus ;  since  the  crude  aliment  must  be  exposed  to  the  influence  of 
the  air,  before  it  becomes  fit  for  its  ultimate  purpose,  and  that  which  has 
once  passed  through  the  tissues  must  undergo  a  similar  process  to  restore 
it  to  its  proper  condition.  This  process,  which  constitutes  the  function  of 
Respiration  (chap,  ix.),  requires  that  the  circulating  fluid  should  pass 
through  certain  organs  adapted  for  its  performance ;  and  hence  the 
arrangement  of  the  vascular  system  is  modified,  not  only  for  conveying 
the  aUmentary  materials  from  the  part  of  the  system  where  they  are 
introduced  to  that  where  they  are  required ;  but  also  for  causing  it  to  be 
'brought,  during  some  part  of  its  transit,  into  relation  with  the  atmo- 
sphere.    It  is  very  evident,  therefore,  that  the  uninterrupted  performance 


of  this  function  is  necessary  to  the  continuance  of  life ;  since  not  only 
does  tlie  nutrition  of  the  tbsues  wholly  depend  upon  the  materials  thus 
supplied ;  but  the  constant  stimulus  of  the  vital  fluM  is  necessarv  to  ca- 
che them  to  the  performance  of  their  approprinte  actions  (§  205). 

326.  In  the  study  of  the  Circulation,  we  shall  have  reason  to  see  the 
peculiar  advantage  to  be  derived  irom  the  investigation  of  the  simplest 
conditions  under  which  it  may  be  perfonned.  It  has  been  from  the  con- 
finement of  their  attention  to  this  function,  as  it  exists  in  the  higher  Animals 
only,  that  many  Physiologists  have  adopted  incorrect  and  narrow  liews 
as  to  the  powers  by  which  it  is  maintained ; — yiews  which  are  incapable 
of  extension  to  the  whole  Animal  kingdom,  far  less  ta  the  Vegetable 
creation,  and  which  must  therefore  be  fiindamentally  erroneous.  We 
shall  endeavour  to  show  that  principles  of  higher  comprehenaiveness  may 
be  attained,  by  embodying  the  principal  facts  relative  to  the  circulation  of 
nutrient  fluid,  derived  from  all  the  classes  of  living  beings  in  which 
presents  itself. 

CirciilatioK  in  Vegetables. 

327.  The  tissues  of  the  lower  tribes  of  Cryptogamia,  being  almost 
entirely  cellular  in  their  structure,  do  not  seem  to  be  adapted  for  any  very 
regular  or  definite  transmission  of  fluid.  It  has  been  already  stated  (§  290) 
that  the  algj(  absorb  by  their  whole  surface  ;  and  there  appears  to  be  so 
little  communication  between  difierent  parts  of  the  same  individual,  that,  if 
one  portion  be  suspended  out  of  the  water,  it  will  dry  up  and  die,  whilst 
that  which  remains  immersed  will  preserve  its  freshness.  No  trace  of 
vessels  is  discoverable  in  this  order;  the  cells  present  a  rounded  form  in 
almost  every  part ;  and  the  only  deviation  from  this  arrangement  occurs 
ill  the  veins  which  strengthen  the  foliaceous  expansions  of  some  species, 
where  we  find  the  cells  somewhat  elongated,  and  presenting  an  approach  in 
form  to  woody  fibre.  Amongst  the  lichens  a  similar  uniformity  of  struc- 
ture prevails ;  no  appearance  of  vessels  is  perceptible ;  but  wherever  the 
form  of  a  stem  is  assumed,  the  cells,  which  are  rounded  in  the  foliaceous 
expansions,  possess  more  or  less  elongation-  From  the  circumstance  already 
mentioned — that  in  this  tribe  the  power  of  absorption  is  usually  restricted 
to  the  side  least  exposed  to  hght, — more  capability  of  diffusing  the  nutrient 
fluid  is  required ;  and  it  appears  that,  when  the  nbsorbcut  surface  is  placed 
in  water,  the  liquid  is  transmitted  in  the  course  of  the  elongated  cells.  In 
the  whole  plant.  In  the  fungi  we  may  trace  a  further  development  of 
tliis  simple  form  of  the  Circulating  apparatus.  In  the  higher  species,  such 
as  the  Mushroom  tribe,  the  nutriment,  which  is  entirely  received  by  the 
radical  fibres  at  the  base  of  the  stem,  is  transmitted  by  its  elongated  cells. 
and  probably  through  certain  hollows  left  by  the  separation  of  the  tissue 
(termed  iiilercelhdar  spaces),  to  the  expansion  on  its  summit,  whore  it  is' 
difiiised  in  cverv  direction.     It  may  be  regarded,  therefore,  as  a  general 
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expression  of  the  structure  of  these  Cellular  plants,  that,  when  there  is  no 
tendency  to  prolongation  in  a  particular  direction,  the  vesicles  retain  their 
rounded  form,  and  transmit  fluid  with  equal  readiness  towards  all  sides ; 
but  that,  when  any  separation  of  the  different  parts  takes  place,  by  the 
restriction  of  the  function  of  Absorption  to  one  portion  of  the  surface, 
there  is  a  tendency  to  the  evolution  of  a  stem  formed  of  prolonged  cells, 
in  the  direction  of  which  the  fluid  is  conveyed  most  readily  to  the  other 
parts  of  the  system. 

328.  In  the  higher  group  of  Cellular  plants,  consisting  of  the  mosses 
and  FERNS  with  their  allies,  we  find  a  much  more  evident  approach  to  the 
vascular  structure  and  general  circulation  of  the  Phanerogamia.  Still, 
however,  its  lower  tribes  (such  as  the  Hepaticee  §  89)  are  so  closely  con- 
nected with  the  more  perfect  forms  of  the  preceding  group,  that  what  has 
been  said  of  them  will  be  equally  appUcable  to  these.  Among  the  mosses 
strictly  so  called,  however,  we  find  several  species  in  which  a  complete  stem 
is  developed,  furnished  with  radical  fibres  at  its  base,  and  bearing  a  number 
of  veined  leaves  regularly  arranged  upon  it.  In  these  the  cellular  tissue  of 
the  stem  and  of  the  veins  of  the  leaves  becomes  considerably  elongated,  so 
as  almost  to  resemble  woody  and  vascular  structure ;  and  there  can  be  no 
doubt  that  the  circulation  of  the  fluid  absorbed  by  the  roots  is  actively 
performed  by  this  channel,  especially  as  late  observations  have  shown  that 
there  is  on  the  Mosses  a  special  exhalent  apparatus  for  the  transpiration  of 
fluid  (§  496),  like  that  which  will  be  described  as  existing  in  the  more 
perfect  plants.*  In  the  ferns  the  evolution  of  a  true  woody  stem  pro- 
ceeds to  a  much  greater  extent ;  and  in  it  is  found  a  vascular  structure 
scarcely  differing  from  that  of  the  Phanerogamia.  Although  Httle  has  been 
observed  as  to  the  circulation  of  sap  in  this  order  of  plants,  it  can  scarcely 
he  doubted  that  the  fluid  absorbed  by  the  roots  ascends,  through  the  fibro- 
vascular  tissue  of  the  stem,  to  the  leaves,  as  in  Flowering  plants ;  since  we 
find  in  them  vessels  of  precisely  the  same  character  with  those,  which  are 
known  to  be  the  peculiar  channels  of  this  fluid  in  the  latter,  namely,  the 
dotted  and  reticulated  ducts  (§  29,  34). 

329.  We  shall  therefore  pass  on  at  once  to  describe  the  circulation  in 
the  Phanerogamia,  where  it  has  been  more  fully  investigated.     Each 

•  The  CharacecB  (§  90)  being  usually  regarded  as  allied  to  the  Mosses,  this  might  be 
impposed  to  be  the  proper  place  for  noticing  the  curious  circulation  which  has  been 
observed  in  the  Ghara,  Nitella,  &c. ;  but  this  circulation  cannot  be  placed  upon  the  rank 
of  that  which  we  are  now  considering,  since  it  is  not  general,  but  is  confined  to  single 
cells,  and  evidently  connected  with  their  individual  nutrition.  It  will,  therefore,  be 
described,  along  with  analogous  phenomena  observed  in  single  cells  of  the  Cryptogamia 
and  of  Flowering  Plants,  in  Chap.  vin.  on  Nutrition  (§  405).  It  is  probable  that  some 
such  movement  of  fluid  takes  place  during  the  formation  of  every  cell  both  of  Phanero- 
gamia and  Cryptogamia ;  and  the  difference  between  these  two  groups  is  rather  shown  in 
the  mode  in  which  the  nutritious  fluid  b  conveyed  to  the  individual  cells,  than  in  what 
takes  place  within  them. 
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annual  layer  that  composes  the  wood  of  the  stem  of  exobens 
consists  of  (lotted  ducts  and  woody  fibre,  iutermixed  with 
cellular  tissue  ;  the  vessels  being  usually  situated  at  the  iuner  part  of  the 
ring,  and  the  fibrous  tissue,  which  is  not  formed  until  later  in  the  yi 
lying  externaDy  to  them.     The  vessels  have  the  greatest  diameter  in  long 
slender  stems,  and  in  plants  of  active  vegetation,  where  the  sap  has  I 
conveyed  with  rapidity  to  a  considerable  distance,  as  in  the  vine  ;  and 
are  usually  larger,  also,  where  the  stem  is  dcuse, — as  in  the  oak, 
mahogany,  &c., — than  where  its  softness  and  Jajtity  of  texture  allow 
convey  fluid  more  readily, — as  in  the  pine  trihc,  which  is  destitnte  of  niiy 
distinct  sap-vessels,  or  in  the  herbaceous  plants,  where  they  are  usually 
small  in  proportion.     The  deposition  of  the  products  of  secretion,  which 
gives  strength  and  firmness  to  the  duramen  (§  77),  destroys  or  grencly 
diminishes  its  power  of  transmitting  fluid  i  and  it  is  consequently  through 
the  external  layers  only,  which  constitute  the  alburmim  or  sap-wood, 
the  nutritious  juices  ascend.     The  bark  consists,  hke  the  wood, 
vascular  mixed  with  cellular  tissue,  but  the  latter  greatly  predi 
and  there  are,  moreover,  a  much  larger  number  of  intei-cellular  spaces 
pottages  than  exist  in  the  interior  of  the  stem  ;  as  well  as  of  those  peculiar 
branching  and  anastomosing  tubes,  which  appear  specially  destined  to  the 
conveyance  of  elaborated  saji,  and  which  are  termed  latici/eroua  yeaatk 
(§  35),     The  foot-stalk  of  each  leaf  is  connected  with  the  wood  and 
the  upper  stratum  of  vessels  communicating  with  the  former,  the  iiife 
one  terminating  in  the  latter.     These  two  strata  appear  to  remun  lUath 
throughout  the  expansion  of  the  leaf ;  and  there  is  a  remarkable  and 
portant  difference  in  their  functions. 

330.  Tlie  course  taken  by  the  sap  is  the  following.  The  fluid  absorbed 
by  the  roots  is  conveyed  upwards,  through  the  stem,  by  the  woody 
and  ducts  of  the  alburnum,  to  the  u[)per  surface  of  the  leaf.  Hitherto 
crude  tap  (as  it  is  termed)  is  quite  unfit  for  the  nutrition  of  the  ay8( 
and  the  processes  which  it  undergoes  in  the  leaves  are  necessary  to  real 
it  capable  of  its  destined  fimetion.  These  processes  consist  in  the  exhala- 
tion of  much  of  the  watery  portion  (chap,  x.);  and  in  an  interchauge 
of  gaseous  ingredients  with  the  atmosphere  (chap,  ix.),  by  which  a  lar^ 
quantity  of  carbon  is  added.  It  is  found  as  their  result,  that  the  fluid 
which  is  transmitted  along  the  inferior  stratum  of  vessels  to  the  bark, 
contains  the  pecuhar  secretions  of  the  plant,  and  is  adapted  to  supply  the 
demands  of  its  nutritive  fimctions.  This  fluid,  now  termed  elaborated  laji, 
proper  Juiee,  or  latex,  descends  through  the  cellular  tissue  and  intercellular 
passages  of  the  bark,  furnishing  the  materials  of  the  new  layers  which  are 
being  added  to  the  alburnum  and  liber  (or  inner  bark) ;  and  a  portion  of 
it  is  carried  to  the  interior  of  the  stem  by  means  of  the  medullary  rays 
(5  35,  77),  the  cells  of  which,  being  elongated  horizontally,  are  adapted  U 
convey  fluid  in  that  direction.     Very  little  of  the  elaborated  sap 
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I,  from  which  the  motion  comineueed  ;  and  none  of  it,  except  that 
]  quantity  whith  mixes  with  the  ascending  current  (§  296),  is  again 

msmitted  through  the  system ;  hence  this  circulation  is  not  exactly 
o  that  of  the  higher  animals,  though  ohviously  analogous  to  it. 
The  movenieut  of  the  elahorated  sap  in  its  proper  vessels  has 
recently  been  made  the  subject  of  much  careful  observation.  It  was  first 
noticed  by  Schultz  iu  plants  with  milky  jmces ;  and  he  conceived  that  it 
was  a  phenomenon  pecuhar  to  them.  There  is  now  good  reason  to  believe, 
howefer,  that  it  is  common  to  all  vascular  plants ;  being  more  perceptible 
in  those  with  milky  juices,  only  in  consequence  of  the  greater  facihty  with 
which  movement  can  be  detected  in  a  fluid  containing  globules,  than  in 
that  which  is  clear  and  homogeneous.  The  channels  in  which  it  takes 
place  are  not  straight  tubes,  like  the  duets  in  which  the  sap  ascends,  but 
are  of  irregular  sbiipe,  and  inosculate  freely  with  one  another  like  the 
MpiV/an'ea  of  Animals  (§  337,  Pig.  134).  They  very  closely  resemble  m 
their  mode  of  arrangement  the  network  of  passages  existing  in  the  Planaria 
[^  314,  Fig.  1 12)  ;  and,  as  in  that  and  many  other  of  the  lower  Animals, 
M  weJI  as  in  the  early  condition  of  the  higher,  there  is  nothing  hke  a 
central  organ  of  impulsion,  nor  are  there  any  large  trunks  which  supply  the 
whole  of  particular  organs.  Tliis  eijdosit  may  be  observed  in  thin  shces  of 
die  bark,  placed  under  the  microscope ;  but  as  some  fallacy  attends  observa- 
tions made  in  this  manner,  it  is  better  to  study  it  in  entire  organs,  of 
sufficient  transparency  for  it  to  be  watched  without  disturbing  them.  The 
stipules  of  Fiats  elasttca,  the  leaves  and  even  the  I'alves  of  the  fruit  of 
CKelidonium  tik^us  (Celandine),  and  still  more  the  interior  sepals  of  Cali/s- 
leffia  aepivm,  are  excellent  subjects  of  this  kind.  The  movement  seems  to 
lake  place  in  all  directions,  the  currents  oflen  running  contrariwise  in 
contiguous  vessels.  Sometimes  one  of  them  may  be  observed  to  stop  ;  and 
the  cessation  is  preceded  by  a  tenl^raiy  oscillation ;  it  afterwards  recom- 
mences, or  a  new  current  is  cstabhshed  in  the  same  direction.  It  is  owing 
to  this  variety  in  the  course  of  the  streams,  that,  if  a  stem  containing  milky 
juices  be  cut  across  in  two  places,  the  lafen  will  flow  out  from  both  ends  of 
the  piece  so  isolated ;  and  as  the  same  takes  place  in  species  which  have  a 
transparent  proper  juice,  it  is  reasonable  to  infer  that  a  similar  circulation 
takes  place  iu  them.* 

332.  Of  the  precise  course  of  the  sap  in  endogens,  we  have  no  certain 
knowledge  ;  there  can  be  little  doubt,  however,  that  it  ascends  through  the 
ducts  (which  are  usually  large,  especially  in  long,  firm,  slender  stems,  as 

•  The  Author  must  confegs  himself  at  a.  loss  to  underalancl  upon  what  grnund  the 
movament  of  fluid  in  the  hairs  of  TradescaTiiia  virginica,  and  other  siniplc  cellidBT  por- 
tioiiH  of  VHHCular plant*,  is  regarded  by  Sehultiand  Lindlejas  partaking  of  this  charaeter. 
Tu  bim  they  Beero  eyidently  analogous  to  thoao,  which  Schieiden  describes  as  taking  place 
in  all  cells  during  their  formation  (§  lOU) ;  and  to  be  no  more  confined  within  distinct 
vesBeU,  than  are  those  in  the  stem  of  tho  Cham. 


those  of  the  cane,  ifec,),  aud  the  woody  fibre ;  and  that,  after  r 
through  the  leaves,  it  descends  along  tlie  ceOular  portion  of  the  stem. 

333.  The  cause  of  the  ascent  of  the  sap  in  the  stem  has  long  been" 
a  disputed  question  amongst  physiologists ;  some  attributing  it  altogether 
to  TOechanical  influences,  and  some  regarding  it  as  a  purely  vital  (and  there- 
fore completely  inespUcable)  phenomenon.  A  very  simple  esperiinent  will 
show  that  two  seta  of  causes  must  be  in  constant  operation.  If  the  top  of 
a  young  tree  be  cut  off  in  the  spring,  and  the  divided  extremity  be  immersed 
in  water,  it  will  absorb  suflicient  quantity  of  fluid  for  the  temporary  supply 
of  the  leaves;  whilst,  on  the  other  hand,  the  portion  of  the  stem  left  iu  the 
ground  will  continue  to  pour  out  the  fluid  drawn  up  by  the  roots.  It  is 
then  evident  that  the  propulsive  power  of  the  roots,  for  which  wc  have 
already  endeavoured  to  account  (§  296),  is  a  partial  but  not  the  entire  cause 
of  the  ascent  of  the  sap  in  the  stem ;  since  the  latter  will  continue  by 
simple  imbibition,  when  the  open  estremities  of  the  vessels  are  placed  i^^ 
fluid,  provided  that  the  functions  of  the  leaves  are  sufficiently  active  j^M 
occasion  a  demand  for  it.  Moreover,  there  would  seem  no  reason  why  H^| 
spongioles  should  not  be  as  capable  of  absorhiug  fluid  in  the  winter  u|^| 
summer ;  and  if  the  ascent  of  the  sap  depended  entirely  upon  tlietn,  we 
should  expect  that  it  would  be  continued.  That  they  are  thus  capable  bos 
been  frequently  shown,  by  grafting  a  shoot  of  an  evergreen  upon  a  stock 
wliose  leaves  are  deciduous ;  and  it  is  fonnd  that  the  uninterrupted  eou- 
tiuoance  of  the  demand  meets  with  a  correspondhig  supply.  A  still  more 
striking  experiment  is  to  train  a  shoot  of  an  out-door  vine,  or  other  plaiii. 
into  a  hot-house  during  the  winter ;  the  unusual  stimulus  will  cause  an 
immediate  development  of  the  buds,  for  which  a  supply  of  nutriment  is 
required ;  and  this  is  derived  from  tlie  roots,  whose  usual  torpidity  at  this 
season  is  thus  remarkably  interrupted.  Careful  examination  of  the  first 
movement  of  the  sap  in  spring,  also  leads  to  the  same  result ;  for  it  is  now 
ascertained  that  the  upward  flow  begins  near  the  buds,  and  that  it  may  be 
progressively  observed  in  the  branches,  tnmk,  and  roots,— the  latter  not 
commencing  their  action  until  the  superincumbent  colimiu  has  been  re- 
moved. It  can  scarcely,  then,  admit  of  a  doubt,  that  the  demand  for  fluid, 
occasioned  by  the  vital  processes  which  take  place  in  the  leaves,  is  the 
essential  cause  of  the  motion  of  the  sap  in  the  higher  parts  of  the  tree: 
and  that  the  propulsive  power  of  the  roots  is  principally  expended  m 
raising  it  to  the  sphere  of  that  influence.  It  is  evident  that  the  quautilj 
of  fluid  absorbed  by  the  roots  will  be  proportioned  to  the  rapidity  of  its 
removal  by  the  leaves  above ;  just  as  the  continued  rise  of  oil  is  the  wick, 
by  simple  capillary  attraction,  is  regulated  by  th.e  combustion  at  its  apex. 

334.  To  whatever  extent  we  regard  the  propulsive  power  of  the  roots  is 
influencing  the  rise  of  the  sap  to  the  leaves,  it  is  obvious  that  it  can  bnn' 
no  eflect  whatever  upon  the  descending  current.  Tlie  cause  of  the  latltT 
motion  cannot  be  distinctly  ascertained.     It  has  been  supposed  that  it  is 
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ly  due  to  tLe  influence  of  gravity ;  but  thov^h  the  movement  may  be 

^cted  by  it,  in  the  same  niEitiaer  as  is  the  circulntion  of  Animals,  we  can- 

i&ot  regard  it  as  dependeiit  upon  tliis  agent,  since  it  takes  place  in  brunches 

•hich  depend  from  the  stem,  and  contmues  proceeding  towards  the  root 

•hen  the  upper  part  of  the  stem  has  been  so  bent,  that  the  flow  of  sap  is 

ly  upwards.     Moreover,  it  has  been  shown  that  it  ia  assisted  by  the 

'rtbnitions  of  the  stem,  which  are  produced  by  the  wind ;  and  this  may  he 

iccivcd  to  have  the  same  kind  of  influence  over  it,  as  muscular  action  has 

the  capillary  circulation  of  animals.     It  is  quite  certain  that  it  is  inde- 

mdent  of  any  contraction  of  vessels,  and  that  it  is  closely  connected  with 

activity  of  the  nutritive  processes.     Tlie  recent  observations  of  Schulti 

and  others  on  this  rita/  cireu/alion  (as  it  may  be  termed,  to  distinguish  it 

from  the  ascending  movement  of  crude  sap,)  have  disclosed  many  interest- 

ing  facts,  which  have  an  important  hearing  upon  the  general  theory  of  the 

I       connection  between  the  movement  of  nutritious  fluid  and  the  processes  to 

^L  irhich  it  is  subservient.     It  is  observed  that  the  latex  is  most  abundant, 

^■imd  that  the  ra|udity  of  its  movement  or  cyctoais  is  the  greatest,  in  parts 

H   which  are  in  progress  of  development,  other  things  remaining  the  same. 

I      Moreo^■e^,  the  circulation  is  much  influenced  by  temperature ;  the  latex 

ceasing  to  move  when  the  part  is  subjected  to  cold,  and  recommencing  its 

I       flow  on  the  apphcation  of  wannth.     This  harmonises  well  with  what  we 

inow  of  the  influence  of  temperature  on  the  nutrient  j>rocesses  in  general ; 

and  adds  strength  to  the  belief  that  the  eyclosis  is  dependent  upon  their 

activity.    We  can  assign  no  other  cause,  then,  for  this  movement,  than  the 

operation  of  a  new  set  of  attractious  and  repulsions,  created  between  the 

particles  of  the  fluid  and  the  walls  of  the  vessels  through  which  they  move, 

by  those  changes  to  which  both  are  subjected  in  the  process  of  uutrition. 

The  analogy  of  the  cydoais  with  the  capillary  circulation  of  Animals  has 

already  been  noticed ;  and  the  obtious  independence,  which  we  observe  in 

doe  former,  of  anything  like  a  central  organ  of  impulsion,  gives  additional 

support  to  the  behef,  which  is  founded  upon  other  phenomena,  that  the 

,      latter  is  maintained  in  the  lower  .inimals,  and  modified  ui  the  higher,  by 

influences  originating  in  itself,  and  that  it  is  never  entirely  dependent  upon 

'      the  pis  a  tergo  produced  by  the  action  of  tlie  heart. 

3.15,  Tlie  development  of  the  circulating  system  during  the  growth  of 
Vascular  Plants,  has  not  yet  been  made  an  object  of  special  attention ;  the 

^  general  facts  with  which  we  are  acquainted,  however,  correspond  exactly 
with  the  principles  which  have  been  previously  stated.  As  the  absorption 
cf  nutriment  by  the  embryo  within  the  ovule  (§  299)  appears  to  take  place 
through  the  whole  surface,  there  is  no  transmission  of  fluid  from  one  por- 
tion to  another ;  nor  do  we  find,  even  at  the  period  of  the  ripening  of  the 
seed,  any  distinct  vascular  structure.  As  far  as  its  circulating  system  is 
concerned,  therefore,  the  young  plant,  at  the  commencement  of  germination. 
i>  on  a  level  with  the  simplest  celiular  tribes.  Duruig  the  rapid  longitudinal 


deTelopment;  however,  which  then  takes  place  in  the  stem  and  tw>t,  there 
is  of  course  a  peculiar  transmission  of  fluids  in  those  directions ;  and  this 
appears  to  be  at  first  perfonned,  as  in  the  stem  of  the  Fungi,  by  elongated 
cells  and  iutercellular  passages.  It  is  not  until  the  true  leaves  are  expanded, 
that  we  find  a  distinct  formation  of  woody  or  Tascular  structure ;  and  it  li 
very  interesting  to  remark,  that  the  ducts  of  young  plants  often  present  the 
appearance  wliich  is  characteristie  of  the  Ferns,  having  the  spiral  fibre 
more  or  less  regularly  disposed  within  tbem  (Figs.  15,  1 7) ;  whilst,  after 
the  stem  has  ceased  to  increase  rapidly  in  length,  these  canals  are  converted 
into  dotted  duets  (Fig.  18)  by  the  process  already  described  (§  34).  The 
anastomosing  vessels  of  the  latex  in  hke  manner  originate  from  cells  of  less 
regular  form,  which  open  into  one  another  at  several  points,  and  not,  as  in 
the  formation  of  ducts,  by  their  extremities  alone.  This  change  ia  repre- 
sented in  progress  in  Fig.  233. 

Cireulation  in  Animals. 
336.  In  tracing  the  evolution  of  the  Circulating  system  through  tht 
Animal  scale,  it  will  be  easy  to  discover  its  conformity  to  the  same  laws  ai 
have  been  shown  to  govern  its  development  in  the  Vegetable  kingdom.  In 
proportion  as  the  power  of  absorbing  aliment  is  restricted  to  one  part  nl' 
the  surface,  whether  external  or  internal,  does  it  become  necessary  that 
means  should  be  provided  for  conveying  the  nutritious  fluid  to  distant 
organs, — not  merely  that  it  may  tiimish  the  supplies,  which  they  arc  con- 
stantly requiring  for  the  maintenance  of  their  respective  structures  and  the 
manifestation  of  their  vital  properties,  but  also  that  it  may  itself  undergo 
certain  changes,  which  are  essential  to  the  continuance  of  its  characteristic 
qualities.  Not  only  does  the  circulation  of  fluid  through  the  system  enable 
the  new  materials  to  be  deposited  in  their  appropriate  situations,  but  it 
also  takes  up  and  removes  the  particles,  which,  ha\ing  manifested  a  ten- 
dency to  disorganisation,  are  no  longer  fit  for  the  oifices  which  they  pre- 
viously contributed  to  perform  ;  and  by  the  various  processes  of  secretion, 
these  are  separated  from  the  general  mass,  and  are  either  appropriated  to 
some  other  jiurpose  in  the  economy,  or  altogether  carried  out  of  the  structure. 
The  excretion  of  carbon  by  the  respiratory  apparatus  is  one  of  the  most 
considerable  and  important  of  these  processes ;  and  it  will  be  found  that 
the  distribution  of  the  circulating  apparatus  has  always  an  express  relation 
to  the  conditions  under  which  it  is  performed.  In  fact,  so  peculiar  is  this 
adaptation  in  the  higher  Animals,  that,  many  have  considered  the  vascular 
system  under  two  heads, — that  belonging  to  the  general  circnlation  of 
nutritious  fluid  through  the  system, — and  that  which  performs  the  reipira- 
tory  circulation,  conveying  the  blood,  which  has  been  rendered  impure  by 
the  changes  it  has  previously  undergone,  to  the  organs  where  its  physical 
and  vital  properties  are  to  he  renewed  by  contact  with  the  air.  RespiratioQ 
differs  not  in  Aind,  however,  from  the  other  timctions  of  excretion,  but  only 


1  its  relative  importance ;  and  though  in  air-hreathing  Animals,  whose 
,  nervous  enei^  and  locomotive  fiinctions  ran  only  be  maintained  in  full 
r  by  a  constant  supply  of  warm  arterial  blood,  its  cessation  even  for  a 
t  time  is  fatal,  there  are  many  amongst  the  lower  classes,  in  which  it 
1  be  suspended  for  a  considerable  period  with  impunity,  and  in  which 
;  increased  amount  of  other  secretions  appears  to  coimterbalance  the 
ninntion  in  its  products.  We  find  too,  even  in  the  highest  Vertebrata, 
peculiar  modifications  of  the  circulating  apparatus  for  the  performance  of 
other  secretions,  as  that  of  the  Uver  in  Mammalia,  and  that  of  the  kidneys 
in  Birds :  so  that  it  should  rather  he  stated  as  a  general  fact  that,  in  pro- 
portion to  the  variety  of  the  organs,  and  the  importance  of  the  functions 
they  perform,  is  the  complexity  of  the  circulating  apparatus  which  supplies 
them, — than  that  it  nndergoes  modification  according  to  the  conditions  of 
the  respiratory  system  alone,  as  Cuvier  maintained.  In  proportion  as  the 
fonction  of  absorption  is  restricted  to  one  part  of  the  surface,  that  of  respi- 
ration will  be  hmited  to  another;  and  the  processes  of  nutrition,  and  the 
formation  of  secretions,  will  go  on  in  parts  uf  the  structure  distant  irom 
both ;  and  all  these  must  be  brought  into  harmony  by  vascular  communi- 
cation, the  arrangement  of  which  will  evidently  vary  from  the  most  simple 
to  the  most  complicated  form,  according  to  the  number  and  variety  of  the 
^ces  to  which  it  is  subservient, 

337.  The  circulating  apparatus  of  Animals,  among  the  higher  tribes  at 
hast,  differs  in  one  important  particular  from  tliat  of  Plants.  We  have 
Men  that,  in  the  latter,  the  sap  which  has  been  elaborated  in  the  leaves 
descends  through  the  stem,  nourishhtg  the  parts  to  which  it  is  con- 
wyed ;  hut  that  only  a  small  amount  of  it  mLtes  with  the  ascending 
oirrent,  and  circulates  a  second  time  through  the  system  (§  330).  In 
the  higher  Animals,  on  the  contrary,  we  observe  tiiat  the  same  fluid  is 
repeatedly  transmitted  through  the  body ;  and  that  the  alterations  which 
are  effected  in  one  part  of  its  course  by  the  processes  of  Nutrition,  are 
cmmterbalanced  in  others  hy  those  of  Respiration  and  Secretion,  and  by 
flie  continual  admixture  of  new  alimentary  materials.  These,  as  we  have 
seen,  are  taken  up,  in  the  luvertebrata,  by  the  blood-vessels  themselves 
vhioh  ramify  on  the  sides  of  the  intestine  ;  whilst  in  Vertebrated  animals 
&ey  are  absorbed  by  a  special  set  of  I'essels,  which  after  a  time  empty 
titem  into  the  general  circulating  current.  The  variety  of  changes,  which 
the  blood  imdergoes  in  different  parts  of  the  body,  reqiures  the  admixture 
of  the  portioDS  returned  from  each,  that  a  uniform  fluid  may  be  again  sent 
fcrth  into  the  system.  This  is  provided  for,  by  the  mode  in  which  the  appa- 
ratus is  constructed.  In  all  but  the  simplest  forms  of  it,  we  And  a  central 
reservoir,  the  heari,  into  which  the  whole  fluid  returned  from  the  body  is 
pooted.  From  this  it  passes  out  by  one  or  more  large  trunks,  which  con- 
vey it  to  every  organ  and  tissue  in  the  body ;  these  are  called  arteries. 
They  gradually  subdivide  into  ramifying  vessels,  wliich,  repeatedly  under- 
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going  the  same  change,  terminate  in  b.  complex  system  of  anastom 
(inter-communicating)  tubes,  of  nearly  uniform  size,  which  f 
capillarieg.  It  is  in  these  only,  tliat  the  blood  comes  into  relation  with  the 
tissues  which  it  supports,  or  in  wliich  secretions  are  elaborated  from  it ;  so 
that  we  may  regard  the  function  of  the  arteries,  as  the  simple  conveyanee  of 
the  nutritive  fluid  from  the  general  reservoir  to  this  network  of  capillaries, 
which  exists  throughout  the  living  tissues  of  the  body.  Even  the  walls  of 
these  trunks  are  fomished  with  a  distinct  set  of  branches  (the  vaaa  vcuomm), 
proceeding  from  neighbouring  vessels,  for  their  own  nutrition.  After  tra- 
versing the  capillaries,  the  blood  enters  another  series  of  vessels,  formed 
by  their  reimion,  which  are  termed  cei'/w  ;  and  these,  gradually  coalescing 
into  larger  trunks,  return  it  to  the  central  reservoir.  This  is  called  the 
gystemir:  or  genera/,  circulation.  In  the  lower  tribes  of  Animals,  the  rfujn- 
ratory  circulation  forms  a  part  of  it ;  but  in  the  higher  classes  it  is  more 
or  less  completely  separated,  having  in  some  cases  a  second  set  of  &Tteriei( 
veins,  and  capillaries,  appropriated  to  it  alone. 

338.  The  description  which  has  just  been  given  does  not  apply  tofl 
simplest  forms  of  Animal  structure  in  which  movement  of  fluid  takes  plu 
Where,  as  in  Plants,  there  is  little  diversity  in  the  character  of  the  different 
parts,  there  is  no  necessity  for  a  ceutral  reservoir  to  mix  the  variously- 
altered  portions  of  the  fluid.     Accordingly  we  find  instances  in  which  (he 
vessels  almost  entirely  present  the  character  of  capillaries  ;   the  uutrilain 
fluid  moving  through  a  net-work  of  vessels  of  uniform  si^e,  which  c 
terminate  at  any  part  in  larger  trunks,  or  communicate  with  any  g 
receptacle. 

339.  The  movement  of  fluid  which  takes  place  through  the  ramified 
canals  of  the  porifera,  can  scarcely  be  regarded  in  the  hght  of  a  general 
circulation ;  smce,  as  already  stated  (§  309),  these  canals  appear  but  as  an 
extension  of  the  absorbent  surface,  adapted  to  bring  every  part  of  the  soft 
gelatinous  tissue  into  contact  with  the  fluid  which  suppUes  its  aliment ; 
and  the  motion  of  the  fluid  through  them  must  be  regarded  as  analogons 
to  the  passage  of  food  through  the  alimentary  canal  of  higher  animals.* 
The  circulation  wliich  has  been  described  in  the  stems  and  fleshy  masses 
of  some  POLYPIFERA,  appears  to  have  a  similar  character,  their  canals 
being  analogous  to  those  of  the  Sponge,  but  furnished  with  pol3rpes  at 

"  Thia  is  not  the  onlj'  analogy  presented  by  it,  however,  for  all  the  nutritive  functiDns 
ace  so  completely  blended  together  in  these  beings,  that  the  same  process  may  be  regarded 
as  comhining  within  itself  several  which  are  distinct  in  higher  Animals.  In  the  Sponge, 
(he  surface  which  absorbs,  and  that  on  whieh  the  cutritiTe  changes  take  place,  appear  In 
be  identical;  so  that  the  motion  of  fluid  over  them  seems  to  combine  the  character  sIkkv 
mentioned  with  that  of  the  capillary  circulation.  To  the  latter,  indeed,  it  appears  lo 
have  much  resemblance  in  the  forces  hy  which  it  is  maintained  ;  ainoe  no  ciliary  motions 
or  impnisive  contractions  can  he  detected  in  this  clasti ;  and  the  new  set  of  attractions  anil 
repulsions,  created  by  the  nutritive  processes,  constitute  the  only  force  whose  operation  can 
besnBpcctcd(5  371). 
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dieir  entrance  (§  150  note,  154)  j  it  seems  dependent  on  the  activity  of 
the  nutrient  processes  of  the  parts  towards  which  it  is  directed,  and  equally 
Snintluenced  by  any  mechanical  propulsive  force.  In  the  hodies  of  the 
jwiypes  themseh'es,  no  more  general  circuiatiou  has  been  observed  than 
tiaat  already  stated  (§  310).  In  some  of  the  infusoria,  it  is  alflrmed  by 
£hreubcrg,  that  a  distinct  set  of  reticulated  vessels  may  be  seen,  channeled 
t  beneath  the  surface,  in  which  a  movement  of  fiuid  may  be  perceived, 
independent  of  any  impulsion,  and  apparently  similar  to  the  circulation  of 
'Hie  elaborated  sap  in  the  intercellular  passages  cf  plants  ;  but  it  may  be 
doubted  whether  the  appearance  is  not  rather  due  to  a  prolongation  of  the 
,;^igestivu  cavity,  in  which  similar  motions  have  been  observed ;  since  it 
%ss  been  especially  noticed  within  the  Volvos  and  other  large  compound 
inimaleules,  in  which  the  individuals  seem  to  be  thus  brought  into  con- 
0  with  each  other,  as  are  the  polypes  of  the  Sertularia.  In  the  lower 
no  other  movement  of  fluids  seems  to  take  place,  than  that 
irhich  exists  within  the  digestive  canals ;  these  simple  beings  being  en- 
Iswed  with  the  power  of  absorption  by  every  part  of  their  surface,  as 
Bell  as  by  the  channels  excavated  in  their  interior, 

"  340.  Among  the  higher  Radiata,  however,  a  tnie  circulation  unquestiou- 
ibly  eiists  j  but  it  presents  itself  in  a  very  simple  form,  which  bears  as 
Dse  a  resemblance  to  that  which  exists  in  Plants,  as  to  that  exhibited  in 
e  higher  Animals.  No  heart,  or  other  organ  of  impulsion,  is  yet  deve- 
ped;  but  the  vessels  which  absorb  the  nutritive  portion  of  the  food 
cdved  into  the  digestive  cavity,  convey  it  to  distant  parts  of  the  system, 
Uthout  any  apparent  cause  for  its  continued  movement.  Although  some 
e  &rg;ued  for  the  presence  of  a  rirculatuig  apparatus  in  the  acaleph*, 
i  seems  scarcely  correct  to  regard  the  prolongatious  of  their  digestive 
irity  in  that  light ;  since  we  universally  find  that  the  true  circulating 
stem  conveys,  not  the  crude  fluid  which  is  the  first  product  of  digestion, 
3  highly  elaborated  material,  fit  to  be  applied  at  once  to  the 
xises  of  nutrition.  The  want  of  any  separate  vascular  system  has 
ces^tated  in  this  class  a  most  curious  and  complicated  ramification  of 
t  digestive  canals  (§  313)  ;  and  in  these  a  distinct  motion  of  fiuid  has 
tn  perceived,  which,  nevertheless,  can  be  scarcely  regarded  as  a  true 
Culation.  In  the  Beroe,  however,  several  observers  agree  in  describing 
'separate  vascular  system,  which  absorbs  fluid  from  the  sides  of  the 
;  digestive  canals,  and  carries  it  to  the  ciliated  processes  for  aeration,  its 
movement  being  made  apparent  by  the  globules  wliich  it  contains.  A 
more  distinct  vnsndnr  system  is  found  in  a  very  curious  species  of  this 
group,  the  Ceatum  f'eneria  {%  144)  The  aUmentary  canal,  which  is 
short  and  straight  like  that  of  the  Beroe  (|  313),  runs  arroaa  the  centre 
(if  tlie  body ;  hut  a  svstem  ot  vessels  encircles  the  outlet,  which  sends 
lifanehes  throufth  its  whole  length,  and  particularly  along  the  ciliated 
rrtsrgins,  where  the  aeration  ot  the  nutritious  fluid  appears  chiefly  to  take 


pltu%.  This  confonnation  presents  a  remarkable  contrast  to  that  wl 
has  been  just  described  in  other  species,  and  iliustrates  the  general  pi 
pie  laid  down  in  5  32^. 

341.  Among  the  echinodermata,  we  find  a  gradual  restricdon  of 
digestive  cavity  to  the  central  portion  of  the  structure,  and  a 
evolution  of  the  vascular  system.  Thus,  in  the  Asteriru,  the  stomach  u 
prolonged  into  the  rays,  and  we  do  not  meet  with  a  circulating  system  so 
highly  developed  as  in  the  Eehimta,  where  the  alimentary  canal  runs 
through  the  centre  of  the  body  alone.  In  the  former  animal,  a  vessel  is 
found  lying  on  the  surface  of  each  digestive  tube,  and  receiving  minute 
branches  from  its  cceca ;  having  proceeded  trom  the  rays  to  the  centre, 
they  unite  with  other  branches  from  the  stomach,  to  form  a  circle  or 
vascular  ring  round  the  nppcr  part  of  the  body.  This  is  connected  with 
a  similar  ring  surrounding  the  mouth  on  the  lower  surface,  by  means  of  a 
vertical  descending  vessel,  which  Tiedemann  found  to  possess  muscnlar 
irritahihty,  and  regards  as  a  simple  form  of  heart  j  whilst,  from  the  lower 
ring,  proceed  other  vessels  which  are  distributed  through  the  body.  The 
vessels  first  mentioned  probably  act  as  absorbent  veins,  and  convey  tlK 
nutritious  fluid  to  the  central  receptacle ;  whence  it  is  propeUed  througli 
the  second  set  of  vessels,  which  may  be  regarded  as  arterial  trunks,  to  ihe 
system  at  large.  No  communication  has  yet,  however,  been  detected 
between  the  terminations  of  the  second  set  of  vessels  and  the  commence- 
ment of  the  first,  such  as  would  be  necessary  for  a  continued  circulatioa ; 
and  the  supposed  course  of  the  vital  fluid  has  not  been  verified  by  obaerra- 
tion,  being  merely  conjectured  from  the  distribution  of  the  vessels.  In 
the  Echimis,  the  vessels  whirh  arise  from  the  sides  of  the  alimentarv 
canal  unite  into  a  trunk  (apparently  analogous  to  the  mesenteric  teiu 
of  higher  animals)  ;  this,  however,  does  not  immediately  convey  the 
absorbed  fluid  to  the  system  at  large,  but  subdivides  again  into  minnte 
branches  that  ramify  over  the  peritoneum  (the  serous  membrane  lining; 
the  cavity  that  contains  the  viscera  §  59),  to  which  water  is  admitted  tat 
the  purpose  of  aerating  the  blood.  Here,  therefore,  we  find  an  expren 
modification  of  the  circiilating  apparatus  for  the  purpose  of  carrying  into 
effect  the  second  of  its  principal  objects  ;  and  it  is  interesting  to  trace  tluj 
modification  so  low  down  in  the  scale,  before  a  heart  is  distinctly  evolved, 
and  whilst  the  motion  of  fluid  in  the  vessels  seems  dependent  npon  the 
changes  which  it  imdergoes  in  them.  After  ramifying  on  the  membnme 
which  lines  the  shell,  and  being  submitted  to  the  respiratory  process,  lie 
circulating  fluid  passes  through  a  series  of  vessels,  which  convey  it  to  i 
ring  formed  round  the  outlet  of  the  alimentary  canal ;  and  from  this  it 
enters  a  tube,  which  traverses  directly  to  the  opposite  extremity  of  the 
intestine,  where  a  short  oval  canal  is  situated,  which,  possessing  muscultf 
parietes,  and  exhibiting  during  life  slow  but  distinct  contractions,  i* 
rcgarJed  ns  a  heart.     From  this  pass  out  arterial  trunks,  wliich  convpr 


e  blood  to  the  muscles  and  dental  apparatus,  and  along  the  course  of 
t  intestine ;  in  its  passage  into  the  veins  first  described,  it  probably 
i  from  the  intestine  the  nutriment  there  prepared,  and  thus  the 
rcle  is  completed ;  the  same  simple  arrangement  serving  for  the  absorp- 
Q  of  the  chyle  or  nutritious  fluid,  its  mixture  with  the  blood  which  had 
viously  circulated  through  the  system,  the  aeration  of  the  mixed  fluid 
■iug  brought  into  relation  with  the  water  introduced  into  the  cavity 
;  shell,  its  return  to  the  organ  which  serves  as  a  heart,  aud  its  distri- 
n  to  the  general  structure  for  the  purposes  of  nutrition,  secretion,  &c. 
2.  In  the  ffolot/iuria,  as  already  stated  (§  143),  a  transition  may 
!  perceived  from  the  Radiated  to  the  Annulose  form  i  and  it  is  curious 
to  observe  how  all  its  systems  are  modified,  in  accordance  with  this  vari- 
ation from  the  regular  type  of  the  Ecliiuodermata,  Instead  of  a  distinct 
contractile  cavity,  as  in  the  Echinus,  we  find  a  long  pulsating  vessel  or 
artery  accompanying  the  intestine,  which  resembles  that  of  the  Articulate 
iu  general ;  the  blood  that  is  propelled  into  its  minute  ramifications, 
aeems,  in  its  passage  into  the  corresponding  veins,  to  absorb  the  nutritious 
matter  fcom  the  intestinal  surface,  as  in  the  Echinus ;  these  veins  again 
unite  iu  one  large  trunk,  from  which  the  blood  proceeds  to  the  respiratory 
^pafatus.  The  latl.er,  however,  diflTers  from  that  of  the  Echinus,  in  being 
fiirmed  more  upon  the  plan  of  that  of  Insects  ;  the  water  introduced  from 
without  ramiiying  through  a  system  of  tubes,  on  the  sides  of  which  the 
vessels  conveying  the  blood  are  distributed.  Afler  having  been  aerated 
I  by  these  means,  the  eirculating  fluid  is  conveyed  by  a  trunk,  into  which 
^Uhe  respiratory  capillaries  again  unite,  to  the  pulsating  vessel  from  which 
^Btwas  first  propeUed.'*'  It  is  scarcely  possible  to  conceive  that  the  impul- 
Bmdq  which  it  there  receives  can  he  sufficiently  strot^  to  convey  it  through 
■11  the  complex  ramifications  that  have  been  described,  and  through  a 
double  system  of  capillary  tubes,  back  to  the  centre  from  which  it  was 
originally  distributed ;  especially  since  the  pulsations  which  have  been 
witnessed  in  the  central  cavities  are  slow  and  feeble.  That  the  passage 
of  the  blood  through  the  respiratory  apparatus  is  independent  of  it,  there 
seems  good  reason  to  believe  ;  and  the  very  complete  analogy,  which  exists 
1  this  circulation  and  that  of  the  liighcr  plants,  affords  a  striking 
[Ution  of  this  view.  As  in  plants,  the  nutriment  taken  up  by  the 
,t  vessels  enters  at  once  into  the  general  circulating  system,  by 
is  conveyed  to  the  respiratory  organs ;  and,  after  leaving  these, 
verses  the  fabric  by  a  set  of  vessels  in  which  the  nutritive  changes 
r  to  he  performed.  We  have  seen  that  in  plants,  the  motion  of  the 
in  these  canals  appears  to  be  entirely  independent,  not  only  of  the 
Impulsion  of  the  roots,  but  of  every  direct  mechanical  impetus  ;  and 
;  seems  no  difficulty,  but,  on  the  contrary,  the  highest  probabihty  (if 
[nlhiB  desrriplioD  the  account  of  Tiedemnnnia  roIlDirei].  A  eotDeirhit  d liferent  ctcw 
'\  given  b;  Delln  Cliaje,  posubl;  trooi  the  examinatinn  of  u.  ^eaimilaT  syev;ii». 
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consistent  with  other  lacts,  as  it  will  hereafter  appear  to  be),  in  snp 
tliat  the  same  causes,  whatever  may  be  their  nature,  are  in  operatiou 
instance  also. 

343.  The  Ahtictilated  classes  are  usually  regarded  as  inferior  to 
Mollusea  in  the  evolution  of  their  circulating  apparatus  ;  and  it  cei 
never  manifests  itself  in  the  same  highly-developed  form  in  them, 
the  last-named  group.  It  has  long  been  acknowledged,  however,  that  it 
is  a  great  error  to  suppose  that  Insects  have  no  circulation,  as  it  was  for- 
merly imagined ;  and  perhaps  the  supposed  inferiority  of  their  vascular 
system  is  more  apparent  than  real.  The  question  is  not  so  much  as  to 
the  rapidity  with  which  the  blood  moves  through  the  vessels,  as  with 
regard  to  the  amount  of  that  fluid  brought  into  contact  with  the  tissues, 
after  being  i-ivified  by  Bsposure  to  the  air.  From  the  peculiar  construc- 
tion of  the  bodies  of  Insects  (the  respiratory  tubes  being  carried  into  every 
part  of  tbem),  the  process  of  aeration  is  universal,  instead  of  being  limited 
to  a  particular  part ;  and  hence  a  much  less  rapid  exchange  of  the  circu- 
lating fluid  answers  the  same  end.  Again,  it  will  appear  that  the  move- 
ment of  the  fluid  in  the  vessels  is  much  less  connected  with  the  musculsf 
contraction  of  a  central  organ  of  impulsion,  than  in  the  Mollusca,' 
of  the  classes  of  which  have  a  powerful  heart,  whilst  in  Insects  and 
Vermiform  tribes  there  is  nothing  but  a  pulsating  vessel  r  but  this 
seem  not  improbably  due  to  the  energy  of  the  nutrient  processes  ii 
capillary  system  of  the  Articulata,  whose  active  habits  cause  theni' 
require  a  much  more  continual  supply  than  the  slow-moving  Molli 
It  is  only  in  the  capiUary  vessels  that  the  blood  acts  upon  the  tissues' 
the  body  ;  the  larger  trunks  serving  merely  to  distribute  it  to  them. 
Vegetables,  the  circulation  of  elaborated  sap  may  be  regarded  as  entii 
capillary  (§  331),  the  fluid  moving  through  its  anastomosing  channels  just 
as  through  the  web  of  a  frog's  foot ;  but  in  proportion  to  the  number  and 
variety  of  the  processes  going  on  in  different  parts  of  the  system,  does  it 
become  necessary  that  they  should  be  harmonised  with  one  another, 
put  under  a  common  control.  In  tlie  liigher  Animals,  therefore,  we 
ceive  that  the  action  of  the  heart  is  evidently  the  chief  means  of 
circulatimi  of  the  blood ;  but  still  there  is  abundant  evidence  to  prove  that 
the  rapidity  and  force  of  its  motion  through  any  particular  organ,  and  the 
quantity  which  is  transmitted  to  it,  are  greatly  modified  by  the  activity  of 
the  changes  to  which  it  is  there  conducive  (§  371).  In  the  Insect  tribes, 
therefore,  it  is  scarcely  improbable  that  the  enei^  with  which  the  untri- 
tion  of  the  individual  organs  is  carried  on,  has  a  considerable  influence  in 
keeping  up  the  afftu.*!  of  blood  to  them,  and  in  thus  producing  its  general 
circidntion ;  since  the  mechanical  agents  provided  for  its  mainteuancc 
would  be,  as  far  as  can  be  ascertained,  of  themselves  insufficient  for  tlie 
active  propulsion  of  fluid,  or  at  any  rate  are  much  less  powerful  than  those 
of  (he  Mollusca. 
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3^4.  Among  the  higher  kntozoa,  a  circulating  system  may  be  detected, 
lot  very  dissimilar  in  character  from  that  which  exists  in  the  Asterias. 
;  mtestinal  cantd   itself  ramifies  extensively  through  the  body,  and 
ce  a  very  active  movement  of  fluid  in  separate  vessels  b  not  reqaired. 
IS,  in  the  curious  Diplozoon  (§  316),  a  set  of  vessels  is  seen  ramifying 
n  two  principal  trunks,  which  traverse  opposite  sides  of  the  body,  and 
V-tiong  these  the  blood  moves  in  opposite  directions  (Fig.  111).     In  the 
^^lanaria,  again,  notwithstanding  the  complex  ramification  of  the  alimen- 
tary canal,  we  find  a  regular  vascular  system  consisting  of  one  central  and 
two  lateral  tnmks,  which  are  united  by  very  numerous  anastomosing 
branches  (Fig.  112).     The  larger  parts  of  the  longitudinal  vessels  have 
been  obsen-ed  to  contract  and  dilate;  hut  neither  a  regular  progressive 
circulation,  nor  the  transmission  of  the  blood  to  any  special  respiratory 
organs,  has  vet  been  observed.     In  tracing  the  circulating  system  through 
,  .flie  Articulated  classes,  a  remarkable  conformity  to  this  general  tj-pe  will 
t  perceived ;  for  the  tendency  to  symmetrical  development  has  affected 
a  the  vascnlar  system,  so  that  the  dorsal  vessel,  disposed  along  the  ccn- 
f  the  back,  projicls  towards  one  extremity  the  blood  returned  to  it  by 
Es  running  in  the  contrary  direction. 
y  ZA5.  The  arrangement  of  the  circulating  apparatus  among  the  different 
!  of  the  class    ANNKLiDA    is  found  to   present    many  remorkablc 
Taricties ;  some  of  these  have  relation  to  the  form  and  situation  of  the 
respiratory  organs,  which  are  no  less  variable ;  but  for  the  purpose  of 
(il.hers  it  seems  difiScult  to  account.     This  class  has  long  been  noted  for 
the  redness  of  the  blood  of  the  animals  composing  it,— a  character  by 
"hich  they  are  distinguished  from  others  of  the  Articulated  series,  as  well 
u  from  the  Mollusca ;  and  which,  combined  with  the  traiis[)arency  of  their 
idles,  allows  the  circulation  to  be  distinctly  seen.     This  shade  does  not, 
St  throughout  the  class;  for  in  a  few  species  the  blood  is  nearly 
ilonrless ;  and  in  one,  at  least,  it  is  of  a  green  tint,  approaching  ohve. 
le  complexity  of  the  circulating  apparatus  in  this  class,  and  the  curious 
s  which  its  different  groups  present,  have  been  but  recently  made 
a  detail.     The  following  are  some  of  the  principal  facts,  which 
e  been  ascertained  by  the  skilful  observations  of  M.  Milne-Edwards.* 
\  Ai6.  In  the  Tureliella,  an  aquatic  animal  which  encases  its  body  in  a 
ath  formed  by  the  ^glutination  of  bits  of  shell,  grains  of  sand,  &c., 
e  gills  are  filamentous,  and  are  situated  roimd  the  head  (§121).     In  the 
r  part  of  its  body,  on  the  dorsal  aspect,  a  large  trunk  is  found, 
1  receives  at  its  posterior  extremity  the  contents  of   an  extensive 
ilexus,  that  has  ramified  on  the  walls  of  the  intestine,  and  on  the 
Kles,  integuments,  &c.     This  trunk,  or  dorsal  vessel,  propels  forwards 
od  which  it  receives  from  behind,  by  irregular  contractions.     At  its 
r  extremity  it  subibvides  into  numerous  branches,  of  which  tUe 
•  8ee-hi»  elahoruU;  Mtaioir  Jo  the  .Inn,  doe.  Soi.  Nat.  N.  S.,  Zoui.   Tom.  >.. 
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principal  enter  the  respiratory  organs,  whilst  otbere  pass  to  the  head  and 
tentacula  ;  so  that  a  large  proportion  of  the  blood  is  aerated,  before  it  is 
again  circulafed  thnrngh  the  system.  The  yessels  which  return  it  from 
the  gills  reunite  into  a  trunk  that  passes  down  the  ventral  surface  of  the 
body,  giving  off  a  pair  of  transverse  vessels  to  each  segment,  and  then 
returning  along  the  inferior  side  of  the  intesrine.  This  tmnk  is  of  eourse 
to  be  regarded  in  the  light  of  an  artery,  whilst  the  system  of  vessels  first 
described  would  seem  to  have  a  venous  character.  The  propulsion  of 
blood  into  the  gills  seems  principally  due  to  the  contractions  of  the  dorsal 
vessel,  which  may  here  be  regarded  as  a  sort  of  respiratory  heart ;  lint  its 
motion  through  the  arterial  tnmk  would  appear  to  be  partly  owing  U> 
contractions  of  the  giUs  themselves,  which  are  occasionally  seen  to  take 
place.  The  irregularity  of  these,  however,  requires  some  supplemental 
force,  snch  as  that  which  has  been  already  described  in  the  inferior  tribes, 
for  the  maintenance  of  a  steady  current ;  and  there  are  many  allied 
species,  in  which  the  blood  circulates  as  energetically,  without  any  soci 
evideut  propelling  agents.  A  plan  of  this  form  of  the  circulating  apparatnt 
is  ^ven  in  Fig.  234. 

3-17.  In  the  Eunice  we  find  the  same  general  distribution  of  vessels,  bnl 
an  important  change  in  the  position  of  the  respiratory  organs,  wliicli 
involves  a  complete  alteration  in  the  character  of  the  different  parts  of  the 
system.  The  branchial  filaments  are  not  concentrated  round  the  head, 
but  are  disposed  in  tufts  along  the  whole  body.  The  dorsal  vessel  receives, 
as  in  the  former  case,  the  blood  which  has  ramified  on  the  intestines  ;  but 
this,  as  will  presently  appear,  is  rather  arterial  than  venous.  The  con- 
tractions of  this  tmnk  are  not  so  regular  and  powerM  as  in  the  Terebella, 
and  seem  to  be  but  Uttle  concerned  in  maintaining  the  circulation.  The 
vessels  into  which  it  divides  anteriorly  are  distributed  only  to  the  head  and 
neighbouring  parts ;  and,  by  the  reunion  of  the  vessels  which  return  the 
blood  so  distributed,  the  ventral  tnmk  is  formed,  which  here  possesses  a 
venous  character.  The  general  distribution  of  its  ramifications  is  very 
similar  to  that  described  in  the  Terebella,  except  that  it  transmits  blood  to 
the  ^s  as  well  as  to  the  general  system;  but  each  transverse  branch  presents 
a  dilatation  or  bulb  near  its  origin,  which  seems  to  propel  the  blood  that 
enters  it,  by  regular  contractions,  partly  through  the  branchial  tufts,  and 
partly  upon  the  intestines,  cutaneous  surface,  muscles,  &c.,  after  permeating 
which  it  enters  the  dorsal  vessel.  This  multiphcation  of  propelling  organs 
is  very  interesting,  when  viewed  in  reference  to  the  general  tendency  to 
repetition  of  parts  manifested  in  this  class.  It  is  found  that,  in  the 
Annelida  which  possessSt,  the  vitaUty  of  portions  of  the  body  is  preseneJ 
during  a  very  long  time  after  the  subdivision  of  the  animal.  In  higher 
tribes,  however,  this  multiplication  is  restricted  to  a  particular  division  of 
the  body,  as  will  be  presently  seen  in  the  Earth-worm.  A  plan  of  the 
circulating  system  of  the  Eimice  is  given  in  Fig.  235, 


In  the  Arenicola  we  observe  another  interesting  variety  in  the 
ingement  of  the  vascular  system,  which  partly  resembles  the  forms 
iy  noticed,  and  partly  conducts  us  to  others  which  would  at  first 
appear  entirely  diiferent.  The  dorsal  vessel  traverses  almost  the 
length  of  the  body  posteriorly,  and  it  receives,  as  before,  the  blood 
has  circulated  on  the  intestine  and  estemal  surface,  as  well  as  some 
;ctly  transmitted  by  the  branchiffi.  It  terminates,  however,  at  about 
anterior  fourth  of  the  body,  in  a  kind  of  contractile  ventricle,  which 
answers  the  purpose  of  a  heart ;  but  it  first  sends  forward  branches  to  the 
head,  the  vessels  returning  from  which  enter  Che  ventral  trunk  that  passes 
backwards  from  the  propelling  cavity.  Tlie  branches  of  this  trunk  are 
almost  entirely  distributed  to  the  giils ;  and  the  blood  which  is  returned 
from  them  is  partly  transmitted  to  the  intestine,  partly  to  the  uitegumentH, 
and  partly  to  the  dorsal  vessel  direct.  The  branchiee  here,  as  in  the 
XereheUa,  seem  to  have  a  direct  propelhng  power  on  the  hlood  which 
through  them.  This  form  of  circulating  apparatus  exhibits  a 
tderable  provision  for  the  activity  of  the  function,  in  the  concentration 
'  the  propelling  force,  and  in  the  transmission  of  nearly  the  whole  current 
blood  through  the  respiratory  organs,  before  it  is  again  distributed  to 
system.  A  plan  of  it  is  shown  in  Fig.  236. 
349.  In  the  Earth-worm,  we  find  the  dorsal  vessel  communicating  with 
the  ventral  trunk,  not  by  one  contractile  cavity  at  its  anterior  extremity, 
but  by  teveral  loop-like  dilated  canals,  which  seem  to  exercise  a  similar 
propelling  agency  {Fig.  114).  The  waves  of  blood  can  be  distinctly  seen, 
if  the  animal  be  kept  without  food  for  a  time,  until  it  has  discharged  the 
black  earth  which  usually  fills  the  intestinal  canal.  The  blood  which 
is  thus  forcibly  propelled  into  the  ventral  trunk,  is  conveyed  backwards 
along  the  body,  and  distributed  to  its  difl'erent  organs,  and  to  the  respira- 
tory  aaes  upon  which  it  is  aerated.  From  these  it  is  conveyed  to  the 
dorsal  vessel,  which  thus  receives  blood  of  a  mixed  quality.  lu  the  Leech 
a  provision  seems  made  for  a  more  special  respiratory  circulation.  Besides 
the  dorsal  and  ventral  trunks,  which  seem  common  to  all  the  Annelida,* 
two  lateral  vessels  are  seen  to  run  from  one  extremity  of  the  body  to  the 
other  {Fig.  113);  and  theu'  branches  inosculate  freely  with  those  of  the 
first-named  canals,  Tliese  lateral  vessels,  however,  appear  especially 
connected  with  the  respiratory  organs.  In  tlie  neighbourhood  of  each 
pulmonary  vesicle  {§  459)  a  branch  is  given  off,  which  forms  a  loop  whose 
walk  are  very  thick  and  contractile ;  and  from  this  proceed  ramifications 
that  are  distributed  on  the  membrane  of  the  air-sac  (Fig.  237),  from 
xhich  other  small  vessels  arise,  that  convey  the  blood  into  the  general 
it  of  the  circtUation.     There  is  no  douht  that  the  nutrient  fluid 


These  trunks  arc  not  elwajg  eingte.  Soinclinies  they  are  found  to  be  iloublo  ii 
put  ur  the  whulf  of  Uiuir  lourBC,  ranning  on  the  tivii  sides  of  the  niuJiim  line,  alaWW 
ilUtuuce  rrom  it. 


but 
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passes  along  the  dorsal  yessel  from  behind  forwards,  as  in  other  Amietll 
and.  returns  hy  Ihe  ventral  trunk  to  the  posterior  extremifj ;  and  it 
seems  to  hi;  ascertained,  that  an  independent  circulation 
through  the  lateral  vessels.  But  observers  are  not  agreed  as  to  the  precise 
mode  in  which  this  takes  place.  The  latest  statements  on  the  subject  are 
those  of  Dug^,*  who  maintains  that  a  continuous  movement  takes  place 
in  the  same  direction ;  the  hlood  passing  forwards  in  the  left  trunk,  and 
backwards  in  the  right.  In  this  opinion  Wagner  partakes ;  hut  Miillcr 
asserts  that  there  is  rather  a  kind  of  oscillation,  the  direction  of  the 
current  changing  at  frequent  intervals.  These  lateral  trunks,  it  may  be 
added,  are  not  peculiar  to  the  Leech,  being  found  in  other  AnneUda  ;  but 
it  is  only  in  this  tribe,  that  they  attain  so  great  an  importance  in  s 
in  function. 

350.  The  great  extent  and  importance  of  the  capillary  system 
Annehda,  compared  with  the  feebleness  of  the  central  propelling  powers, 
an  interesting  feature  in  the  character  of  then*  vascular  apparatus,  and 
shows  that  we  have  not  yet  arrived  at  a  condition  of  the  circulating  system 
very  far  removed  from  that  which  it  presents  in  plants  and  in  the  lowest 
animals,  where  the  capUlnry  network  may  he  said  to  constitute  the  whole 
of  it.  From  this  arrangement  it  results  that,  although  definite  respiralflrj 
organs  are  developed  in  this  class,  by  passing  through  which  the  venous 
blood  is  completely  arterialised,  the  arterial  blood  does  not,  in  circidating 
through  the  system,  become  venous  in  any  definite  points,  as  in  the  short 
systemic  capillaries  of  higher  animals,  but  traverses  an  intricate  network, 
and  passes  through  many  organs,  before  it  is  thus  changed. 

35 1 .  The  circulating  system  of  the  Myriapoda  is  formed  upon  prerasely 
the  same  general  plan,  as  in  the  class  we  have  been  considering ;  and  it  is 
even  simpler  in  character.  The  respiratory  apparatus  being  more  extended 
through  the  system,  no  special  diversion  of  blood  is  required  for  the 
purpose  of  aeration.  In  the  Scolapendra,  for  example,  we  find  a  dors^ 
vessel  receiving  blood  through  transverse  branches  from  the  intestinal 
siirtace  and  segments  of  the  trunk,  and  propelhng  forwards  its  contents, 
Behind  the  head  it  divides  into  two  branches,  which  embrace  the  oesopha- 
gus, and  reunite  below  so  as  to  form  the  ventral  trunk ;  through  this  tlie 
blood  passes  backwards,  and  is  distributed  to  the  respective  segments 
through  trunks  which  may  be  regarded  as  arteries,  whilst  those  which 
return  the  blood  into  the  dorsal  vessel  may  be  considered  as  veins. 
Besides  the  two  principal  trunks  into  which  the  dorsal  vessel  divides 
anteriorly,  it  sends  off  one  from  the  head,  from  which  the  hlood  is  retiimeJ 
by  a  corresponding  vessel  into  the  ventral  trunk ;  and  thus  a  continuous 
circulation  is  maintained  through  the  whole  body,  the  blood  undergoinp 
aeration  in  its  course,  as  in  Insects.  A  plan  of  the  circulation  in  die 
Scolopendra  is  given  in  Fig.  238, 

■   Pbjsolfflfie  CompiiruL'.     Tom,  U.  p.  VSi. 
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r  352.  In  the  Larva  state  of  insects,  the  vascular  system  presents  us 
l^tli  the  form  which  exists  in  the  Annelida  and  Myriapoda.  The  dorsal 
ssel  runs  along  a  considerable  part  of  the  length  of  the  body,  and,  sub- 
viding  towards  the  head,  distributes  its  contents  to  the  channels  which 
mvey  it  backwards.  The  blood  of  Insects  is  not,  however,  red  like  that 
e  Annelida,  but  transparent  and  almost  colourless,  containing  globules 
ti  have  a  slightly  brownisli  tinge.  Hence  its  movement  is  not  easily 
■red,  especially  in  parts  which  ore  not  very  transparent.  The  general 
n  of  the  cireulation,  even  in  perfect  Insects,  is  not  dissimilar  from  that 
)  exhibited  in  the  rcrmifonn  tribes ;  for  any  special  modification 
t  for  the  function  of  respiration  is  rendered  unnecessary  by  the  pecu- 
■  Bar  structure  of  the  traclieal  system  (§  461),  which  aerates  the  blood  in 
every  part  of  the  body ;  and  all  that  is  necessary,  therefore,  is  to  secure  a 
continned  flow  of  fluid  through  the  canals.  It  is  during  the  period  a 
little  anterior  Ut  the  final  change,  that  the  circulation  may  be  observed  to 
the  greatest  advantage;  not  only  on  account  of  the  transparency  and 
delicacy  of  the  parts,  and  the  general  activity  of  the  nutritive  processes, 
but  because,  after  the  perfect  lusect  has  emerged,  no  movement  of  fluid 
a  be  detected  {except  in  a  few  instances)  in  the  wings,  which  from  that 
1  cut  off  from  its  current.  The  blood  which  flows  forwards 
tgh  the  dorsal  vessel,  after  receiving  its  impulse  by  the  contraction 
t  its  cavities,  passes  towards  the  head  along  a  vessel  of  thinner  coats, 
Hiich  may  be  regarded  as  analogous  to  the  aorta  of  higher  animals ;  and 
s  subdivides  in  the  head  into  numerous  branches,  which  are  distributed 
b  the  antennce  and  other  parts  of  it,  and  afterwards  reunite  and  converge 

0  two  great  lateral  vessels  ;  these  tie  nearer  tlie  lower  and  ventral  surface, 

1  convey  the  blood  towards  the  posterior  extremity  of  the  body.     In 
;  backwards,  they  send  eurreuts  to  the  legs  and  wings,  which, 

T  traversing  them,  return  again  to  the  main  stream ;  it  is  very  remark- 
,  however,  that  these  currents  do  not  appear  to  move  in  distinct 
vessels,  as  they  do  even  among  the  lower  Annelida,  but  seem  to  pass 
through  different  parts  of  the  loose  cellular  tissue  of  the  body,  in  no 
definite  tracts,  lu  many  aquatic  larvre,  especially  of  the  order  Neuroptera, 
there  are  leaf-like  appendages  affixed  to  the  tail,  in  which  the  circulation 
may  be  distinctly  seen ;  the  streams  passing  off  in  loops  from  the  main 
trmks,  and  entering  them  again,  so  as  to  be  conducted  to  the  posterior  part 
of  the  dorsal  vessel. 

353.  The  degree  in  which  the  movement  of  fiuid  ta,kes  place  in  the 

perfect  Insect,  depends  upon  the  duration  of  its  life  and  the  activity  of 

its  nutritive  functions.     In  the  Neuroptera,  the  existence  of  the  insect 

I  sfler  its  last  change  is  usually  brief;  it  docs  not  increase  in  size,  and 

I  Rther  takes  very  little  food  or  lives  in  perfect  abstinence.     Previously  to 

oetamorphosis,  the  currents  may  be  observed  to  cease  in  all  the  pro- 

llttngations  of  the  body  which  have,   during  the  aquatic  alatc,  setNcd.  ftic 
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purpose  of  gills, — ^nhether  the  laminated  appeadoges  that  pass  i 
that  name,  or  the  rudimeots  of  the  wings  which  are  subsequec 
expanded  in  the  air;  and  ihi^y  are  also  withdrawn  from  the  limbs,  i 
tiuaiiig  only  in  the  trunk.  But  tJiere  are  many  Insects  in  which  the 
growth  of  the  body,  combined  with  general  activity  of  the  nutritin' 
fimctions,  continues  for  some  lime  after  the  final  change ;  and  in  these, 
the  circulation  may  be  ohserred  to  persist,  not  only  in  the  trunk,  bin  in 
the  winga,  as  in  the  common  House-Flj" ;  which,  if  examined  suffideullj 
soon  after  its  emersion,  exhibits  this  phenomenon  with  great  beanly  and 
distinctness.  The  currents  gradually  disappear  from  the  wings,  howerer, 
even  in  these  ;  and  that  no  reparative  power  eidsts  in  them  is  well  known, 
since  old  bees  may  always  be  distinguished  from  young  ones  by  the 
chipped  indented  edees  of  these  oi^ans, — the  result  of  accidental  injuries 
which,  after  the  circulation  has  ceased,  can  no  more  be  repaired,  than 
similar  losses  of  the  substance  of  horns,  nails,  or  other  extra-yascnlar 
parts  of  higher  animals.  The  chief  peculiaritj-  of  the  circulating  system 
in  Insects  consists  in  the  structure  of  the  dorsal  vessel.  This  is  no  longer 
a  simple  tube,  propelling  its  contents  from  one  extremity  to  the  other  by 
the  progressive  contraction  of  its  walls,  but  a  complicated  piece  of  ap- 
paratua  composed  of  several  distinct  parts.  In  the  Larva  condition,  it  ituet 
not  present  esternally  any  very  striking  difference  from  the  dorsal  veuel 
of  the  higher  Annelida,  being  prolonged  through  the  body  with  but  little 
alteration  in  its  diameter ;  the  anterior  part  of  it,  however,  is  found  to  be 
a  simple  tube,  while  the  posterior  two-thirds  arc  divided  by  valvular  par- 
titions into  eight  segments,  corresponding  with  those  of  the  body ;  IJie 
valves  are  formed  by  a  reduplication  of  the  inner  membrane  (Fig.  115), 
and  are  so  adapted  to  each  other  as  to  allow  of  the  passage  of  fluid  for- 
wards,  hut  not  of  its  return.  In  its  progress  towards  the  perfect  slau, 
the  length  of  the  dorsal  vessel  diminishes,  whilst  its  difference  from  the 
arterial  prolongation  becomes  more  erident,  its  coats  being  thickened  and 
the  chambers  becoming  shorter  aud  wider ;  thus  exhibiting  an  evident 
tendency  to  that  concentration,  which  we  find  in  aucceedii^  classes.  Il  is 
interesting  to  perceive  even  in  Insects  a  disposition  to  that  independence  of 
the  segments,  which  is  characteristic  of  the  inferior  Articulata.  The  eight 
partitions  of  the  dorsal  vessel  may  he  regarded  as  so  many  distinct  heart! 
belong^g  to  the  segments  in  which  they  are  respectively  placed ;  for 
besides  the  principal  current  which  is  transmitted  from  behind  fonrarJs 
by  their  successive  contraction,  others  may  be  seen  to  enter  laterally,  from 
vessels  which  are  sent  to  each  chamber  by  the  segment  in  which  it  Is 
placed. 

354.  In  the  arachnida  there  is  a  still  further  concentration  of  the 
propulsive  force,  whilst  the  general  type  of  the  sanguiferous  system  is  tlw 
same.     The  Seorpioa  has  an  elongated  dorsal  vessel,  resembliug  that  of    I 
Insects,  but  dirided   into  five  partitions  only,  aud  possessed  of  firmer 


parietes ;  besides  the  principal  arterial  trunk  in  whicli  it  tcrmiuates,  it 
pves  off  many  smaller  branches  in  its  course.  In  the  diTisiou  of  the 
1  which  the  respiration  ia  performed,  its  in  Insects,  hy  trachea 
ramiiyiug  through  the  body  (§  ■169),  the  vessels  are  distributed  on  the 
same  general  plan  ;  but  where,  as  in  the  Spider  tribe,  the  respiratory  ap- 
paratus is  more  concentrated,  it  is  evident  that  the  vascular  system  must 
be  adapted  to  a  more  aetive  circulation,  in  order  to  maintniu  the  same 
amount  of  enei^  in  the  nutritive  operations.  Accordingly  we  find  the 
dorsal  vessel  shorter,  wider,  and  more  muscidar, — presenting  an  evident 
approach,  therefore,  to  the  usual  form  of  the  heart ;  it  gives  off  several 
branches  in  its  course,  which  are  distributed  to  different  oi^aus  ;  and  two 
la^e  tnmks  open  into  it,  the  branches  of  which  ramify  upon  the  respira- 
tory surface.  From  an  examination  of  the  anatomical  structure  of  the 
circulating  apparatus,  M.  Audouin  concludes  that  the  blood  is  first  trans- 
mitted from  the  dorsal  vessel  to  the  system  in  general ;  that,  returning 
from  it,  the  fluid,  now  become  impure,  traverses  the  respiratory  organs ; 
and  that,  after  being  there  aerated  and  revivified,  it  returns  to  the  dorsal 
vessel  by  the  two  tnmks  just  mentioned.  As  no  distinct  channels  can  be 
detected,  however,  for  its  conveyance  from  the  remote  parts  of  the  system 
to  the  respiratory  organs,  it  would  uot  seem  imjirobable  tliat  only  a  part 
of  what  has  been  transmitted  through  the  general  circulation  is  conveyed 
to  the  latter. 

355.  It  is  among  the  Crustacea,  however,  that  we  find  the  sangui- 
(erouB  system  presenting  the  most  developed  form  which  exists  among 
the  Articulated  classes.  Whilst,  in  the  lower  orders,  the  segments  of 
Mhose  bodies  are  nearly  alike  throughout,  the  dorsal  vessel  is  elongated 
md  common  to  nearly  the  whole  extent  of  the  tnmk,  giving  off  branches 
to  each  segment, — in  the  more  elevated  forms  we  find  it  contracted  into  a 
short  fleshy  sac  possessed  of  considerable  muscular  power,  and  concentrat- 
ing in  itself  the  propellent  force,  which  was  previously  diffused  tluMiugh 
the  whole  extent  of  the  arterial  tube.  The  following  is  the  course  of  the 
OTCulation  as  described  by  M.  M.  Audouin  and  Milne-Edwards.  The 
blood  is  propelled  by  the  contractions  of  this  sac  through  a  vascular 
aystem  distributed  to  every  part  of  the  body ;  it  does  not  appear  to  return, 
however,  by  distinct  tubes,  but  rather  by  channels  or  vacuities  in  the 
tissues.  By  these  it  ia  transmitted,  not  back  again  to  the  heart,  but  to 
the  venou4  einnaes,  which  are  dilatations  at  the  commencement  of  the 
vessels  that  ramiiy  tbrongh  the  gills,  for  the  purpose  of  collecting  the 
Wood  which  is  to  be  transmitted  to  their  surface.  Each  branchial  arch, 
IT  frmge  of  gills,  has  one  of  these  vessels  running  along  the  base  of  its 
filaments,  and  sending  a  twig  to  every  one  (Fig.  1 1 0),  wliilst  another 
vessel  receives  the  blood,  which  has  in  these  filaments  been  brought  into 
idation  with  the  surrounding  element,  and  which,  having  thus  undergone 
cation,  is  fit  to  be  restored  by  the  general  circulatioin.    T\ie  i»o4e  \a 
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which  these  branchial  vessels  conTey  the  hlood  into  the  cavity  of 
heart  has  not  been  distinctly  ascertained ;  bnt  there  can  be  no  doubt 
it  is  very  direct,  since  the  circulation  takes  place  in  these  anhnab 
considerable  energy.  If  this  be  a  correct  description,  it  is  evident  that 
whole  of  the  circulating  fluid  will  pass  through  the  respiratory  or} 
before  being  again  trnasmitted  to  the  system ;  and  that  the  heart, 
pelling  the  blood  first  to  the  body  at  large,  is  to  be  regarded  as  a  atfatt 
not  a  reipiralory,  organ.  It  would  also  appear  that  it  possesses 
over  the  braucbial  circulation ;  the  blood  not  being  conveyed  to  the 
organs  by  distinct  tubes,  but  meandering  through  the  tissues.  A  ilifferciit 
account  has  been  elsewhere  ^ven,  however,  which  is  perhaps  more  liki'ly 
to  be  the  correct  one.*  Tlie  vessels  which  proceed  to  the  gill: 
to  be  derived  from  the  systemic  arteries ;  so  that,  at  each  contractioi 
the  heart,  a  portion  of  the  blood  is  transmitted  to  the  body,  and 
portion  to  the  respiratory  organs.  The  blood  returned  from  the 
mixes  with  that  which  has  passed  through  the  other  organs  and  tissues 
of  the  system  ;  and  both  enter  the  heart  together.  It  is  also  stated  tlint 
the  channels  which  convey  the  venous  blood  back  to  the  centre  of  tlic 
circulation  are  not  mere  excavations,  but  membranous  canals  of  a  flattened 
form  J  and  that  the  reservoir  into  which  they  open  (which  may  be 
regarded  as  in  some  degree  representing  an  auricle,  §  SaG)  communicates 
with  the  heart  by  short  trunks,  the  terminations  of  which  are  guarded  by 
valves. 

356.  We  have  now  traced  the  Vascular  system  through  the  priiici|>iil 
forms  which  the  Articulated  classes  present  to  us ;  and  when  we  follow  » 
similar  course  with  regard  to  the  Mollusca,  it  will  be  seen  that,  even  iu 
the  lowest  of  these  classes,  the  central  organ  is  as  powerful,  and  the 
circulation  as  energetic,  as  m  the  highest  of  the  Crustacea.  The  dimi- 
nished necessity  for  a  general  circulation  in  the  Articulata,  has  already  been 
shown  to  proceed  in  part,  from  the  umveraal  permeation  of  air  through  the 
body ;  but  it  also  results  from  the  mechanical  conditions  of  the  system,  the 
constant  movements  of  the  solid  parts  of  which  affect  the  contaiaed 
fluids  also.f     Wherever  we  have  hitherto  traced  an  organ  of  propulsion 

*  Thie  view  of  the  circulation  in  the  Crustatea  ia  i'oundeil  upon  drawings  pTe[>nred 
by  John  Hunter  from  his  dissections,  and  lately  published  in  the  Catalogue  of  the  Vhf- 
Biological  SerlcB  of  Compitrative  Anatomy  contained  in  the  Museum  of  the  Rojsl 
College  of  Sui^eons.     See  also  Jones's  Outiine  of  the  Animal  Kingdom,  p.  334 — 8. 

+  To  uBe  the  languBge  of  Dr.  Grant,  "  It  ia  the  restlcaa  activity  of  the  Worm  and  «l 
the  Inaect,  that  makes  every  fibre  of  their  body  aa  it  were  a  heart  to  propel  their  Uooi 
and  circulate  their  fluids.  They  require  no  complicated  apparalus  to  accelerate  tlie  en!^ 
actiso  cnrranl  of  their  blood,  and  hence  the  imperfect  development  of  the  grent  renin 
of  their  vaucular  ayalem.  Indeed  it  has  been  shown  by  Ehrenhcrg  nnd  by  Nordmum 
that,  in  the  simplest  of  these  animals,  the  tremaloid  Enlaioa,  the  blood  flows  thraiii!ll 
the  system  by  the  mere  motions  of  the  body,  without  the  leaet  motion  or  impulse  fn"" 
the  vessels  which  contain  it."    A  siojilar  fact  to  this  has  been  formerly  stated  with  regBni 
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materially  affecting  the  current  of  the  circulation,  it  has  been  perceived 
to  influence  it  by  alternate  contractions  and  dilatations ;  the  current 
which  is  flowing  towards  it  being  of  course  checked,  at  the  time  when 
its  contents  are  being  propelled  along  the  efferent  tubes.  In  the  Crus- 
tacea it  has  been  shown  that  the  cavity  is  simple ;  whilst  in  Insects  it  is 
divided  by  valvular  partitions  into  chambers ;  still  each  one  of  these  is 
but  a  repetition  of  the  others,  both  in  structure  and  function.  This  cavity 
may  be  designated,  with  reference  to  its  analogue  in  higher  forms  of 
the  vascular  apparatus,  the  systemic  ventricle  ;  in  contra-distinction  to  the 
pulmonary  ventricle,  which,  in  warm-blooded  animals,  propels  the  blood 
through  the  lungs,  and  to  the  auricles,  which  are  receiving  instead  of 
propeUing  cavities.  In  the  Molluscai  generally  we  find  an  auricle,  or 
cavity  adapted  to  receive  the  blood  transmitted  to  the  heart,  superadded 
to  the  ventricle ;  and  the  existence  of  these  two  cavities  constitutes  the 
typical  character  of  the  heart  throughout  the  whole  sub-kingdom,  although 
many  variations  are  presented  in  their  form  and  situation. 

357.  In  the  tunicata  we  find  the  heart  usually  composed  of  a  thin 
lengthened  ventricle  with  a  minute  auricle,  both  of  these  cavities  appear- 
ing as  dilatations  of  the  principal  trunk  of  the  vascular  system,  which  \^ 
distributed  somewhat  upon  the  plan  of  that  of  the  Echinodermata.  Thus, 
in  the  Asddia  the  branchial  folds  are  situated  on  the  interior  of  the  sac  of 
the  mantle  (§  458),  and  the  blood  which  has  ramified  through  them  is 
returned  to  the  heart,  thence  to  be  distributed  to  the  system.  Whilst  in 
the  Articulata  the  main  trunk  of  the  arterial  system  usually  passes  first  to 
the  heady  in  these  MoUusca  it  is  transmitted  at  once  in  the  direction  of  the 
intestine  ;  and  probably,  in  its  distribution  on  its  walls,  performs  the  func- 
tion of  nutritive  absorption,  for  which  no  more  special  apparatus  is  yet 
e?olved.  Some  of  the  compound  Tunicata  are  connected  together,  like 
Polypes,  by  a  hollow  stem,  in  which  a  circulation  of  fluid  (manifestly 
influenced  by  that  of  the  individuals)  takes  place.  The  motion  of  the 
globules  indicates  a  double  current,  of  which  one  passes  towards  the  heart 
of  each  individual,  and  the  contrary  one  in  the  direction  of  another ;  the 
direction  of  the  currents  appeared  to  Mr.  Lister*  to  be  reversed  every  two 
minutes  or  less.     In  these  compound  Ascidise,  the  blood  appears  to  pass 

to  the  circulation  in  Plants  (§  334).   *'  How  differently  circumBtanced  are  the  MoUusca ! 
The  inert  Tunicata,  the  lowest  of  the  Molluscous  classes,  fixed  like  plants  upon  the  sea- 
beaten  clifis,  and  in  which  we  can  scarcely  discover  a  trace  of  life,  enclose  in  their 
motionless  carcase  a  heart  as  highly  developed  as  that  of  the  Crustacea,  the  highest  of  the 
Articulated  classes ;  and  if  they  did  not,  their  blood  would  soon  stagnate  in  the  compli- 
cated labyrinth  of  vessels  and  organs  through  which  it  has  to  pass.     The  slow-creeping 
snail  that  feeds  upon  the  turf,  has  a  heart  as  complicated  as  that  of  the  red-blooded 
vertebrated  fish  which  bounds  with  such  velocity  through  the  deep.    It  is  because  the 
M  is  muscular  and  active  in  every  point,  that  it  requires  no  more  heart  than  a  snail  to 
Veep  up  the  necessary  movements  of  its  blood.*' 
*  Philos.  Trans.  1834. 
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at  once  from  the  heart  to  the  gills,  instead  of  traversing  the  system  first, 
as  in  the  solitary  species.  When  one  of  them  is  separated  from  the  com- 
mon stem,  its  circulation  goes  on  in  an  independent  manner;  hut  the 
alternation  of  the  directions  still  continues.  Recent  observations  have  shown 
that,  even  in  the  isolated  Tunicata,  this  curious  alternation  in  the  direc- 
tion of  the  current  exists ;  as  if  the  heart  were  not  yet  sufficiently  powerful 
to  control  the  other  causes  by  which  the  movement  is  affected.  In  the 
CONCHIFERA  wc  find  the  circulation  carried  on  upon  the  same  general 
plan,  but  the  central  organs  are  more  highly  developed.  The  ventricle  or 
impelling  cavity  of  the  heart  is  a  distinct  sac,  of  which  the  walls  are 
formed  by  muscular  fibres  interlacing  in  every  direction,  and  even  project- 
ing into  the  interior.  From  this,  the  blood,  which,  as  in  most  other 
Molluscs,  is  of  a  bluish  white  colour,  is  sent  by  two  principal  arterial  trunks 
to  the  system  at  large ;  returning  from  its  capillaries  by  the  venous  canals, 
it  is  conveyed  to  the  gills,  where  it  is  exposed  to  the  action  of  the  air 
contained  in  the  surrounding  water ;  and  it  finally  repasses  to  the  heart 
by  two  large  trunks,  which  do .  not  enter  the  ventricle,  but  terminate  in 
auricles,  of  which  one  is  usually  placed  on  each  side.  Although  the  auri- 
cular cavity  is  thus  double,  however,  it  is  not  to  be  regarded  as  analogous 
to  the  two  auricles  of  warm-blooded  animals,  of  which  one  receives  the 
blood  from  the  system  at  large,  and  the  other  that  which  is  transmitted 
from  the  lungs  ;  since  here  the  two  auricles  have  the  same  ftmction,  being 
both  pulmonary,  and  being  merely  repetitions  of  one  another,  separated 
for  the  sake  of  convenience.  In  the  Oyster,  in  fact,  they  are  united  into 
a  single  cavity;  whilst  in  another  tribe,  the  Archidce,  the  ventricle  is 
divided  like  the  auricle,  in  conformity  with  the  breadth  of  the  back  of  the 
animal,  and  the  consequent  separation, of  the  gills  from  one  another. 

358.  Among  the  gasteropoda,  we  find  the  same  general  arrangement 
of  the  vascular  system ;  but  the  situation  of  its  own  individual  parts  is 
greatly  varied  in  different  species,  owing  to  the  different  conditions  of 
their  respiratory  system  ;  some  being  modified  for  an  aquatic  life,  and 
some  to  inhabit  the  surface  of  the  land.  In  the  Snail,  which  belongs  to  the 
latter  tribe,  and  which,  instead  of  having  gills,  is  provided  with  a  pulmonary 
cavity  for  the  admission  of  air  to  the  interior  (§  458),  the  heart  is  formed, 
as  in  the  Conchifera,  of  an  auricular  and  a  ventricular  sac ;  the  latter  is 
the  stronger  of  the  two,  and  the  muscular  bands  which  are  interwoven  in 
its  coats  project  slightly  into  its  cavity.  The  blood,  which  is  propelled 
from  it  by  one  principal  arterial  trunk  or  aorta,  is  distributed  to  the  vari- 
ous organs  of  the  body,  and  is  transmitted  from  them  by  great  veins,  \Xi 
the  plexus  of  vessels  distributed  on  the  pulmonary  sac ;  after  here  under- 
going the  necessary  aeration,  it  is  returned  to  the  auricle,  whence  it  passes 
into  the  ventricle  by  a  valve  formed  of  two  pieces.  Many  curious  varieties 
in  the  structure  of  the  vascular  system  found  in  this  group  might  be  enu- 
merated ;  but  as  these  are  principally  connected  with  the  position  of  the 


tpiratory  organs,  more  need  not  here  be  said  respecting  them.  In  all 
e  Molluscous  classes,  we  see  the  liver  developed  in  b.  very  high  degree, 
i  soppLed  with  blood  by  a  large  arterial  trunk.  We  shall  subsequently 
i  that  the  funetion  of  the  liver  is  hi  part  supplementary  to  that  of  the 
ipiratory  organs  ;  and  that  it  is  iii  general  most  active,  when  the  changes 
r  which  the  latter  are  adapted  cannot,  from  any  cause,  he  performed 
with  sufficient  energy.  In  some  of  the  Gasteropoda,  as  in  the  Conchifera 
in  general,  the  auricle  is  double ;  and,  in  a  fen  genera,  even  the  ventricle 
is  partly  divided  by  the  intestine  which  passes  through  it.  A  general 
plan  of  the  circulation  in  these  tribes  is  given  in  Fig.  117. 

359.  Hitherto  we  have  seen  the  respiratory  system,  whether  branchial 
(in  the  form  of  gills)  or  pulmonary  (composed  of  air-sacs),  interposed 
between  the  capillaries  of  the  system  and  the  central  propelling  cavity; 
the  veins  which  collect  the  blood  from  the  different  organs  of  the  body 
uniting  only  to  separate  again,  without  any  fresh  impulse  being  given  to 
their  contents.  The  only  instance  of  the  interposition  of  anything  like  an 
impelling  cavity,  between  the  veins  of  the  system  and  the  respiratory  vessels, 
Ras  seen  in  the  Crustacea,  where  the  venous  sinuses,  situated  at  the  com- 
mencement  of  the  branchial  arches,  may  be  regarded  as  so  many  repetitions 
of  a  simple  form  of  a  respiratory  heart.  In  tlie  class  of  Fishes,  it  wiU  be 
seen  that  the  heart  is  entirely  respiratory,  the  arterial  tnnik  which  proceeds 
from  it  being  distributed  at  once  to  the  gills,  and  the  blood  which  has  been 
aerated  in  them  being  returned  into  a  systemic  artery  or  aorta,  whence  it 
proceeds  to  the  body  at  large.  In  the  higher  cephalopoda  we  observe  a 
curious  form  of  the  circulating  apparatus,  whicli  manifestly  establishes  the 
transition  between  that  of  the  Mollusca  in  general,  and  that  which  is  pecu- 
liar to  Fishes.  The  systemic  heart  consists  of  only  one  cavity  or  ventricle, 
which  is  usually  of  a  globular  form,  tolerably  strong  and  muscular,  and 
exhibiting  bundles  of  fibres  (cameee  columiuej  interlacing  with  one  another 
(Fig.  1  la),  as  well  as  distinct  valves  protecting  the  mouths  of  the  vessels 
which  open  into  it.  The  aorta  which  proceeds  from  it,  distributes  arterial 
blood  to  the  general  system  ;  and  this  is  returned  by  means  of  the  venous 
trunks,  not  immediately  to  the  gills,  as  in  the  other  Mollusca,  hut  to  two 
superadded  im}>elling  cavities,  one  of  which  is  situated  in  connection  with 
each  row  of  gills.  These  branchial  ventricles  are  less  powerful  than  that 
whicb  propels  the  blood  through  the  system ;  but  they  are  still  sufficiently 
I  muscular  and  contractile  to  accelerate  the  circulation  through  the  respira- 
I  tory  organs,  and  thus  to  prepare  the  blood  for  the  maintenance  of  the 
I  increased  muscular  exertions  which  are  required  for  the  superior  locomotive 
I  powers  of  these  animals,  as  well  as  for  the  general  activity  of  the  functions 
I      oftheir  highly-organised  bodies  (Fig.  119). 

1  360.  Here  therefore  we  have,  sketched  out  as  it  were,  the  compUcated 
^L  form  of  the  vascular  system  in  warm-blooded  animals  possessed  of  a  complete 
^K  ■double  circulation ;  the  trunks  which  convey  the  blood  to  llie  reapvTBi.o'rj 
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he  systeni>|^H 
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organs  being  furnished,  like  that  nhicli  distributes  it  to  the  e 
large,  with  an  impelling  caTity,  fay  which  a  constant  and  regular 
maintained.  This  structure,  however,  is  peculiar  to  that  order  of  Cepha- 
lopoda, which,  in  the  symmetrical  distribution  of  its  organs,  its  deficiency  of 
external  shell,  and  its  possession  of  a  rudimentary  internal  skeleton,  as  well 
as  in  other  particulars,  exhibits  so  many  points  of  resemblance  to  Fishes 
(§  132).  In  the  Nautilaa  tribe,  on  the  other  hand,  the  general  structure 
is  more  analogous  to  that  of  the  other  Molluscs  :  and  accordingly  we  find, 
from  the  account  of  Mr.  Owen,  that  the  vascular  system  presents  nearly 
the  same  arrangement  as  in  the  Gasteropoda.  The  veins  that  return  the 
blood  from  the  system  enter  a  common  sinus,  which  has  not,  however,  a 
muscular  character,  and  dues  not  possess  contractile  powers ;  and  from  this 
proceed  the  branchial  vessels,  which,  after  exposing  the  blood  to  thf 
respiratorj'  surface,  conduct  it  back  to  the  heart  or  systemic  ventricle.* 

361.  Although  in  fishes  we  find  the  same  simple  conformation  of  the 
heart  as  that  which  exists  in  the  Molluscous  classes,  the  alteration  in  ils 
position,  relatively  to  the  other  parts  of  the  vascular  system,  occasions  it» 
influence  on  the  function  of  the  circulation  to  be  greatly  modified  (Fig.  1 20). 
The  blood  which  is  expelled  from  the  single  ventricle,  is  carried  at  once  (o 
the  gills  through  a  trunk  which  presents  a  bulbous  enlargement  at  it» 
origin ;  this  bvlbux  arteriosus,  as  it  is  termed,  will  be  hereafter  shown  \u 
exist  at  an  early  period  of  development  in  the  higher  Vertebrata,  suit 
to  conduce  towards  the  formation  of  the  two  principal  trunks,  which  aw 
subsequently  to  arise  from  the  heart  (§  380).  This  trunk  subdivides  into 
four  or  five  branches  on  each  side,  which  run  along  the  branchial  archts 
(§  -JZS),  sending  ramifications  to  every  filament.  After  being  thus  aerated, 
the  blood  is  collected  by  confluent  vessels  into  the  groat  systemic  artery  or 
aorta,  which  then  distributes  it  to  the  different  organs  of  the  body ;  and 
thence  it  is  returned  to  the  auricle  by  the  veins,  which,  before  entering  il,      , 

*  It  is  not  a  little  cuiioua  that  the  principHi  vein,  just  before  entering  the  linus,  ihould  ' 
communicBte  with  the  akiominul  cavity  by  email  apertures  existing  between  the  miuculDr 
fibres  which  traverae  it;   a  form  of  structure  whieh  is  even  more  remarkable  in  Iht 

Apljaia,  and  which  probably  exists  in  other  Mollusca.    From  various  parts  of  the  teniml  J 

K/Btem,  bath  in  the  NautUus  and  in  the  Cutlle-jiah,  a  curious  series  of  folliclet  or  littl«  ' 

aacs  is  seen  to  proceed,  forming  spong;  mnsscs,  sometimes  of  considerable  size.     Tlie  UM  .1 

nf  these  is  not  certainly  knonn.     Their  glandular  aspect,  and  the  distribution  of  aiteriil  ' 

branches  over  their  surface,  joined  with  the  peculiar  character  of  the  Suid  found  in  Ihtn  !| 

(which  more  resembles  mucus  than  blood),  has  caused  them  to  be  regarded  as  seeietiaj  I 

organs,  destined  to  purify  the  circulating  fluid  -,  but  Mr.  Owen  suggests  that  they  m^  I 

have  a  seconiiarj  function,  serving  as  diverticula  or  temporary  resenoin  of  venous  blood,  I 

adapted  lo  the  variations  which  must  occur  in  the  branchial  circulation,  when  the  pre*  I 

sure  of  the  surrounding  medium  is  altered  by  the  motion  of  the  animal ;  and  ll™  I 

resembling  those  which  are  foimd  In  the  Celacea  and  other  diving  animals.    Anolfcer  I 

surmise  may  here  be  offered.    May  they  not  be  regarded  aa  the  ditRised  rudiments  of »  I 

Spleen,  corresi'onding  as  they  do  so  nearly  in  structure,  and,  so  tar  as  known,  en  I 

funclJoa  also?  fl 


I  exhibit  large  diiatations  or  sinuaes.  In  the  CMmmra  aretica  the  hulbus 
srteriosus  is  absent ;  but  instead  of  it  we  observe  muscular  dilatations  on 
two  of  the  principal  branches  given  off  from  the  aorta.  These  may  be 
regarded  as  completing  the  transition  presented  by  the  Cephalopoda, 
between  the  form  of  the  circulating  apparatus  in  the  MoUusc.i,  anil  that 
which  is  characteristic  of  Fish.  The  impelling  force  was  diiided  in  the  last 
group  between  the  pulmonary  and  systemic  arteries  ;  in  Pish  it  is  eouccu- 
Irated  upon  the  former ;  hut  in  this  species  we  obsen-e  some  remains  of  it 
in  connection  with  the  latter, — The  circle  just  described  appears  simple  in 
character ;  but  it  possesses  one  peculiarity  which  is  worth  notice,  as  fore- 
shadowing more  important  modiiicBtions  in  higher  classes.  Two  or  three 
small  arteries  are  usually  seen  passing  off  from  the  branchial  arches,  so  as  to 
eonvej  the  pure  aerated  blood  directly  to  the  head,  instead  of  transmitting 
it  to  the  general  systemic  trunk.  It  will  be  hereafter  shown  that  a  similar 
provision  exists  in  the  Crocodile,  and  has  a  very  important  purpose  in  its 
economy  and  that  the  same  coudition  is  manifested  up  to  the  termi- 
uation  of  the  embryo  state  of  the  higher  Vertchrata,  including  the  human 

362.  Although  we  still  find  the  respiratory  and  general  circulation  united 
in  this  class,  thev  bold  the  same  relation  to  one  another,  as  in  the  classes  in 
trbich  a  complete  double  circulation  esists,  whose  heart  possesses  four 
cavities  instead  of  two  ; — tliat  is  to  say,  the  whole  of  the  blood  which  has 
drculated  through  the  system  is  transmitted  to  the  respiratory  ot^;ans, 
before  again  passing  into  the  aorta.     There  are  a  few  species,  however,  in 
wliich  the  respiratory  oi^ns  are  partly  adapted  to  expose  the  blood  to  the 
direct  influence  of  air,  as  in  Reptiles ;  and  here  we  find  the  vascular  system 
modified  accordingly.     Thus  in  the  Cuckia,  an  anguilliform  (Eel-like)  fish 
nftlie  Ganges,  the  primary  trunk  divides  into  three  branches  on  each  side, 
of  which  one  pair  only  passes  to  the  respiratory  organs,  the  others  reunitinj; 
to  form  the  aorta.     The  blood  which  has  been  aerated  is  also  returned  to 
tlus  systemic  trunk,  which  thus  conveys  blood  of  which  only  about  one- 
third  has  been  exposed  to  the  atmosphere ;  but  as  this  is  more  highly 
arteriahsed  than  that  which  is  aerated  by  water  in  other  species,  the  fluid 
transmitted  to  the  body  is  probably  not  less  influenced  by  respiration,  than 
if  it  had  been  wholly  transmitted  through  gills,  as  in  Pishes  in  general. 
The  passage  of  blood  through  the  respiratory  organs  is  sometimes  called 
L    the  "  lesser  circulation  ;"  but  there  is  more  than  one  instance  in  the  animal 
■  fConomy,  in  which  the  circulating  fluid  is  made  to  puss  through  a  circuitous 
H-tnck,  for  the  purpose  of  being  purified  by  the  elimination  of  some  of  its 
W  omtents;  and  these  would  be  alike  deserving  of  the  term.  Thus,  inFishes, 
W    the  blood  which  is  being  returned  to  the  heart  from  the  tail  and  posterior 
I     part  of  the  body,  is  transmitted  through  large  venous  trunks,  partly  to  the 
^L  liver,  and  partly  to  the  kidneys,  (sometimes  almost  entirely  to  the  latter^, 
^h<ai  which  organs  these  vessels  ramify  for  the  purpose  of  causing  tW  w^mo.- 


tion  of  their  peculiar  secretions.  After  this  process  has  taken  place, 
blood  is  conveyed  to  the  heart  by  large  venoas  trnnks,  into  which  thi 
branches  again  unite.  Thus,  the  portal  circulation,  as  it  is  termed,  boMs 
precisely  the  same  relation  to  the  general  circulation  in  Fishes,  as  did  the 
respiratory  circniartion  in  the  Mollusca ;  being  interposed,  for  the  purifi- 
cation of  the  blood  which  has  circulated  through  the  system,  between  its 
capillaries  and  the  heart.  It  has  not  any  special  impelling  organ  for  the 
purpose  of  transmitting  the  blood  through  it ;  unless  a  contractile  portion 
which  has  been  described  us  existing  in  the  caudal  vein  of  the  Eel,  and  in 
the  mesenteric  vein  of  several  of  the  Shark  tribe,  can  be  regarded  as  sub- 
serrient  to  this  function.  Tliis  portal  circulation  exists  in  the  same  form 
in  Reptiles :  but  in  Birds  and  Mammalia  the  kidueys,  like  other  organs, 
arc  supplied  with  arterial  blood,  from  which  their  secretion  is  formed  ;  slill 
the  liver  is  connected  with  the  venous  system,  and  the  portal  circulation 
continues  to  have  an  important  office  in  the  purification  of  the  hlood, — an 
office  which  seems  especially  necessary  in  the  fcetus,  before  the  action  of  the 
lungs  has  commenced. 

363.  Quitting  now  those  classes  which  arc  modified  for  esisting  in  water, 
and  passing  on  to  the  Reptiles,  Birds,  and  Mammaha,  we  find  that  very 
important  modifications  of  the  circulating  system  are  necessary,  to  adapt 
the  animal  to  the  conditions  of  atmospheric  respiration.  It  is  evident  tlul 
the  blood  will  be  aerated  much  more  rapidly  when  exposed  to  the  air  itself, 
than  when  merely  submitted  to  the  small  quantity  which  is  diffused  through 
the  watery  element.  If,  therefore,  the  whole  amount  of  the  ctrculatini; 
fluid  be  thus  exposed,  the  changes  which  it  undergoes  wiU  he  pcrformrd 
with  such  increased  energy,  that,  if  the  other  vita!  processes  he  made  U> 
cODform  to  them,  a  warm-blooded  animal  is  produced  at  once.  But  as  the 
REPTILES  are  intended  to  lead  a  life  of  comparative  inertness,  and  to  exist 
in  circumstances  which  would  be  fatal  to  animals  of  higher  organisation, 
the  respiratory  process  is  reduced  in  amount,  by  the  peculiar  structure  of 
the  vascular  system  now  to  be  described.  The  suigle  ventricle  of  the  heart 
gives  off  arterial  trunks,  which  pass  both  to  the  lungs  and  to  the  systeni  « 
large  ;  so  that  a  part  of  the  blood  which  has  been  expelled  hy  each  strokr, 
is  sent  to  supply  the  requirements  of  the  nutritive  system,  and  a  part  is 
separated  for  aeration.  The  pure  arterialised  blood 'which  returns  from  the 
lung  is  conveyed  to  one  auricle,  whilst  the  venous  blood  which  is  trans- 
mitted by  the  systemic  veins  enters  the  other ;  these  two  auricles  are  hena 
not  repetitions  of  one  another,  but  have  distinct  flmctions.  Both  emptf 
themselves  into  the  ventricle,  where  the  hlood  derived  from  these  difFerest 
sources  is  mised,  and  from  which  one  part  is  again  sent  to  the  body,  uJ 
another  transmitted  to  the  lungs  (Fig.  121). 

364.  This  is  the  general  tj-pe  of  the  circulating  system  in  the  class  rf 
Reptiles,  but  there  are  some  very  curious  modifications  of  it,  which  comucl 
it  with  the  vascular  apparatus  of  Fishes  on  one  hand,  and  with  that  oT 
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Birds  and  Mammalia  on  the  other.     The  connection  with  Fishes^  it  is 
evident,  will  he  estahlished  hy  the  Batrachia  or  Amphibia,  which  in  their 
early  or  larva  condition  are  in  every  respect  analogous  to  the  members  of 
that  class.   Their  circulation  is  for  a  time  performed  exactly  upon  the  same 
plan,  the  blood  being  transmitted  from  the  simple  bilocular  heart  to  the 
branchial  arches,  and  after  aeration  being  circulated  through  the  system. 
The  transition  from  this  condition  of  the  vascular  organs,  to  that  which' 
they  present  in  the  perfect  Reptile  state  of  the  animal,  when  they  are  con- 
formable to  the  general  type  of  the  class,  is  so  curious  as  to  be  worth 
a  somewhat  minute   description  ;   more  especially  as,  in  all  the  higher 
animals,  a  series  of  changes  precisely  analogous  takes  place  during  the 
early  stages  of  their  development.     It  will  be  rendered  inteUigible  by  the 
accompanying  Figures  122-4.     In  Fig.  122   is  seen  the  arrangement  of 
the  parts  before  the  metamorphosis  has  commenced.     Three  branchial 
trunks  (1,  2,  3,)  pass  off  on  each  side  of  the  heart,  terminating  in  a  minute 
capillary  network  which  is  contained  in  the  branchial  arches,  and  by  which 
the  blood  is  aerated  during  the  aquatic  existence  of  the  animal ;  from  this 
network  the  returning  vessels  take  their  origin,  which  unite  into  trunks, 
one  for  each  gill ;  and  of  these  the  first  supphes  the  head,  while  the  second 
and  third  join  to  form  the  great  systetnic  artery.  A,  as  in  fishes.     But 
besides  these  vessels,  there  are  some  small  undeveloped  branches,  c,  e, 
which  establish  a  communication  between  each  branchial  artery  and  the 
retnming  trunk  that  corresponds  with  it.    .There  is  also  a  fourth  small 
trunk,  4,  given  off  from  the  heart,  which  unites  with  another  small  branch 
from  the  aorta,  to  be  distributed  upon  the  (as  yet)  rudimentary  lungs. 
After  the  metamorphosis  has  begun,  however,  by  which  the  animal  from  a 
Fish  has  to  be  converted  into  a  Reptile,  the  branches  that  connect  the  arteries 
of  the  gills  vrith  their  returning  trunks  are  much  increased  in  size,  so  that 
a  large  part  of  the  blood  flows  continuously  through  them  without  being 
sent  to  the  gills  at  all,  and  the  branchial  vessels  are  themselves  relatively 
diminished;  at  the  same  time,  the  fourth  trunk,  which  was  before  the 
smallest,  becomes  the  largest,  so  that  an  increased  proportion  of  blood  is 
sent  to  the  lungs.    By  a  continuance  of  these  changes,  the  branchial  vessels 
gradually  become  obHterated,  and  the  communicating  branches,  which  were 
at  first  Uke  secondary  or  irregular  channels,  now  form  part  of  the  conti- 
nuous line  of  the  circulation ;  the  upper  one  sending  off  the  cerebral  vessels, 
the  second  and  third  uniting  to  supply  the  trunk,  and  the  fourth  passing 
as  before  to  the  lungs. 

365.  In  the  Proteus,  the  arrangement  of  the  vascular  system  permanently 
resembles  that  which  has  been  represented  as  intermediate  between  the 
larva  and  perfect  condition  of  the  frog.  This  animal  is  provided  with  lungs 
slightly  developed,  as  well  as  with  permanent  gills ;  and  the  blood  which  is 
expelled  from  the  ventricle  is  partly  transmitted  through  the  gills,  partly 
finds  its  way  directly  into  the  aorta  by  means  of  the  comia\v£iie»i\A£^ 
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branches,  and  a  small  qu&ntity  is  transmitted  to  the  lungs ;  the 
returned  perfectly  arterialiseil  to  the  pulmonary  auricle,  and  is 
mixed  in  the  ventricle  with  the  venous  blood  transmitted  to  the  systemic 
auricle.  In  many  of  the  higher  Reptiles  we  find  not  ouly  two  auricles,  but 
the  cavity  of  the  ventricle  more  or  less  perfectly  divided  into  two ;  some- 
times the  septum  is  complete,  as  in  the  Crocodile ;  and  in  other  cases  it 
aiforda  only  a  partial  separation,  which  is  still  perhaps  sufficient  to  modify 
the  direction  of  the  currents  of  the  blood.  Thus,  in  the  Lacerta  actllala 
(spotted  lizard),  where  the  ventricle  is  partly  divided,  the  right  side  of  it, 
into  which  the  systemic  auricle  discharges  itself,  principally  gives  off  the 
pulmonary  trunks,  so  that  a  large  proportion  of  the  venous  blood  returned 
from  the  system  is  transmitted  to  the  lungs  for  aeration ;  and  this,  being 
returned  to  the  pulmonic  auricle,  is  conveyed  to  the  left  side,  from  which 
the  systemic  arteries  proceed.  As  long  as  there  is  any  direct  communica- 
tion, however,  between  the  two  sides  of  the  heart,  it  is  obvious  that  a  part 
of  the  blood  returned  from  the  systemic  veins  may  be  sent  immediately  into 
the  aortic  trunks,  witho\it  being  previously  arterialised ;  and  in  proportion 
to  the  degree  in  which  the  septum  is  complete,  will  be  the  approach  of  the 
animal  towards  the  condition  of  the  warm-blooded  Vertehrata.  The  distri- 
bution of  the  vessels,  however,  has  a  considerable  effect  upon  the  character 
of  the  fluid  with  which  individual  organs  are  suppUed ;  for  in  Reptiles 
which  manifest  this  separation  to  a  considerable  extent,  a  part  of  the  blfxxl 
transmitted  to  the  system  has  still  a  venous  character,  whilst  that  which  is 
fiimished  to  the  brain  and  upper  part  of  the  body  is  purely  arterial.  The 
contrivance  by  which  this  is  effected  is  curious  and  interesting.  The  aortic 
tnmk  does  not  arise  singly,  but  by  two  origins,  one  of  which  is  connected 
with  the  right  and  the  other  with  the  left  side  of  the  ventricle ;  the  latter 
receives  chiefly  the  arterial  blood  from  the  left  or  pulmonary  auricle,  and 
this  gives  off  branches  which  convey  it  without  admixture  to  the  head; 
while  the  main  trunk  passes  on  to  unite  with  the  second  aortic  arch  that 
arose  from  the  right  side  of  the  heart,  and  conseciuently  is  filled  with  blood 
almost  entirely  venous,  which  has  been  discharged  from  the  system  into 
the  right  auricle.  This  second  arch,  before  its  union  with  the  first,  how- 
ever, gives  off  a  large  branch,  which  is  distributed  to  the  intestines  and 
other  viscera,  and  which,  therefore,  contwns  venous  blood  with  Uttk 
admixture  of  arterial ;  the  common  aortic  trunk  formed  by  the 
the  two  arches  conveys  mised  arterial  and  venous  blood  to  the  remt 
of  the  trunk  and  members.  It  is  beautiful  to  observe  how  by 
simple  contrivances  the  greatest  economy  of  material  is  obtained, 
each  organ  is  supphed  with  blood  of  a  character  best  fitted  to  maintain 
fiinctions. 

366.  The  Cmcodilf  presents  us  with  a  condition  of  the  vascular 
tern  still  more  allied  to  tliat  of  warm-hlooded  Vertebrata  ;   the  venlriculv, 
septum    being    complete,    and    the    circulation,    as  far  as   the   heart 
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concerned^  being  truly  double.  Stilly  however,  whilst  the  principal  aortic 
trunk  arises  from  the  left  ventricle,  which  contains  nothing  but  arterialised 
blood,  a  second  arch  arises  from  the  right  (or  venous  side)  along  with  the 
pulmonary  artery,  of  which  it  might  almost  be  considered  a  branch  ;  and 
this,  after  giving  off  its  intestinal  branches,  enters  the  first  trunk,  which 
has  already  furnished  the  cerebral  arteries  with  pure  arterial  blood,  and 
transmits  the  mixed  fluid  to  the  rest  of  the  system  (Fig.  125).  There  is 
another  communication  between  the  trunks  arising  from  the  two  sides  of 
the  heart,  by  means  of  an  aperture  which  passes  through  their  adjoining 
walls  just  after  their  origin ;  so  that,  although  the  blood  in  the  heart  is 
entirely  venous  on  one  side  and  arterial  on  the  other,  it  undergoes  admix- 
ture in  the  vessels,  according  to  the  character  of  the  functions  to  which  it 
is  to  minister.  We  shall  presently  see  a  remarkable  analogy  to  this 
distribution  of  the  vascular  system,  exhibited  in  the  foetal  condition  of 
Birds  and  Mammaha. 

367.  In  the  highest  form  of  the  circulating  system,  that  possessed  by 
the  warm-blooded  Yertebrata,  there  is  a  complete  double  circulation  of 
the  blood ;  each  portion  of  it,  which  has  passed  through  the  capillaries 
of  the  system,  being  aerated  in  the  lungs,  before  being  again  distributed  to 
the  body.  This  is  effected  by  a  form  of  the  vascular  apparatus  of  which 
we  saw  a  sketch  in  the  Cephalopoda,  and  to  which  a  near  approach  is 
exhibited  by  the  higher  Reptiles.  The  heart  consists  of  four  cavities, 
two  auricles  and  two  ventricles ;  those  of  the  right  or  venous  side  having 
no  direct  communication  with  those  of  the  left  or  arterial  side  ;  and  the 
vessels  proceeding  from  them  being  entirely  distinct,  and  having  no 
connection  whatever  except  at  their  capillary  terminations.  The  blood 
transmitted  by  the  great  veins  of  the  system  to  the  right  auricle  or 
receiving  cavity,  having  passed  into  the  ventricle  or  propelling  cavity,  is 
transmitted  by  it  through  the  pulmonary  arteries  to  the  lungs  of  the  two 
sides.*  After  being  there  arteriahsed  by  exposure  to  the  atmosphere,  it  is 
brought  back  to  the  left  auricle ;  and  having  been  poured  by  it  into  the 
corresponding  ventricle,  is  transmitted  by  the  great  systemic  artery  or 
aorta  to  the  most  distant  parts  of  the  body  (Fig.  126).  The  heart  is 
therefore  completely  duplex  in  structure,  and,  so  far  as  its  functions  are 
concerned,  might  be  regarded  as  consisting  of  two  distinct  portions ;  for 
economy  of  material,  however,  these  are  united,  the  partition  of  the  ven- 
tricles serving  as  the  wall  to  each.     In  the  Duyong  (one  of  the  Whale  tribe), 

•  It  must  be  borne  in  mind,  here  and  elsewhere,  that  the  tenn  artery  is  used  to  denote  a 
Tascular  tube  carrying  blood  from  the  heart,  whilst  the  word  vwn.  designates  one  which 
conveys  it  towards  the  heart :  but  that  arterial  blood  means  that  which  has  been  rendered 
florid  by  the  respiratory  process  ($  485),  in  whatever  direction  it  may  be  travelling  ;  and 
that  by  venous  blood  is  meant  the  dark  impure  fluid,  of  which  the  vital  properties  have 
been  impaired  by  circulation  through  the  capillaries  of  the  system.  The  pulmonary  arte- 
net  convey  venous  blood  from  the  heart  to  the  lungs ;  and  the  pulmonary  v€in&  i^tMwx 
arterial  blood  from  the  lungs  to  the  heart. 
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however,  the  heart  is  hifid,  and  presents  this  division  into  two  separate 
organs,  not  only  functionally  but  structurally  (Fig.  127). 

368.  Various  peculiarities  in  the  distribution  of  the  vascular  system, 
which  are  presented  by  different  orders  of  Quadrupeds  and  Birds,  would 
be  worth  notice  if  our  Hmits  permitted.  Of  these  We  of  the  most  re- 
markable is  the  modification  both  of  the  venous  and  arterial  trunks, 
existing  in  the  Cetacea  and  other  diving  animals,  which  are  occasionally 
prevented  from  respiring  for  some  time,  and  in  which,  therefore,  the  arte- 
rialisation  of  the  blood  is  checked.  Various  arteries  of  the  trunk  are  here 
found  to  assume  a  ramified  and  convoluted  form,  so  that  a  large  quantity 
of  blood  may  be  retained  in  the  reservoirs  formed  by  these  plexuses ; 
whilst  the  venous  trunks  exhibit  similar  dilatations,  capable  of  being  dis- 
tended with  the  blood  which  has  been  transmitted  through  the  system,  so 
as  to  prevent  the  heart  being  loaded  with  the  impure  fluid,  whilst  the 
lungs  have  not  the  power  of  arterialising  it.  In  some  diving  animals  this 
object  is  effected,  not  so  much  by  a  number  of  venous  plexuses,  as  by  a 
single  great  dilatation  of  the  vena  cava  before  it  enters  the  heart.  Fre- 
quently the  force  with  which  the  blood  is  sent  to  particular  organs  seems 
to  be  purposely  diminished,  by  the  division  of  the  trunk,  that  conveys  it 
into  a  number  of  smaller  vessels,  which,  after  a  tortuous  course,  unite 
again  and  are  distributed  in  the  usual  manner.  A  structure  of  this  kind 
is  found  in  the  arteries  of  the  brain  of  the  long-necked  grazing  animals, 
to  which  the  blood  would  be  transmitted  with  too  great  an  impetus,  owing 
to  the  additional  influence  of  gravitation,  were  it  not  retarded  by  this  con- 
trivance. A  similar  distribution  of  the  arteries  is  found  in  the  trunks 
supplying  the  limbs  of  the  Sloths,  and  of  other  animals  which  resemble 
them  in  tardiness  of  movement.  In  other  cases,  the  arterial  canals  are 
specially  protected  from  compression  by  surrounding  organs,  in  order  that 
there  may  be  no  obstruction  to  the  passage  of  blood  through  them,  and 
that  they  may  be  guarded  from  injury  ;  thus,  in  the  fore  leg  of  the  Lion, 
where  all  possible  force  and  energy  is  to  be  attained,  the  main  artery  is 
made  to  pass  through  a  perforation  in  the  bone,  that  it  may  be  secured 
from  the  pressure  of  the  rigid  muscles,  which,  when  in  a  state  of  con- 
traction, might  otherwise  altogether  check  the  current  through  it.  In 
most  Quadrupeds,  as  in  man,  the  right  anterior  extremity  is  more  directly 
supplied  with  blood  from  the  aorta  than  the  left ;  so  that  the  superior 
strength  and  activity  of  this  limb  is  not  altogether  the  result  of  habit  and 
education,  as  some  have  supposed ;  in  Birds,  however,  where  any  ine- 
quality in  the  powers  of  the  two  wings  would  have  prevented  the  necessary 
regularity  in  the  actions  of  flight,  the  aorta  gives  off  its  branches  to  the  two 
sides  with  perfect  equality.  Some  further  peculiarities  in  the  distribution 
of  the  arterial  system  will  be  hereafter  noticed  (§  383). 

369.  Having  now  traced  the  vascular  system  to  its  highest  form,  it  is 
proper  to  enquire  how  far  this  differs  from  the  simple  condition  in  which 
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it  was  at  first  manifested.  There  can  be  no  doubt  that,  in  the  higher 
animals  possessed  of  a  distinct  muscular  heart,  this  is  the  chief  agent  in 
keeping  up,  by  its  successive  contractions  and  dilatations,  the  motion  of 
the  blood  through  the  vessels.  But  a  careful  survey  of  all  the  phenomena 
of  the  circulation  would  seem  to  lead  to  the  conclusion,  that  the  impulse 
of  the  heart  is  not  the  only  means  by  which  the  motion  of  the  blood  is 
continued,  but  that  the  changes  which  this  fluid  undergoes  in  the  capilla- 
ries have  some  share  in  its  production,  and  have  at  any  rate  a  very 
considerable  modifying  effect  upon  the  quantity  transmitted  through  the 
individual  organs.  We  have  seen  that  in  Vegetables  the  nutritive  circula- 
tion is  entirely  capillary  ;  that  in  the  lower  Animals  it  is  chiefly  so ;  that 
even  in  Insects  it  appears  but  Uttle  dependent  upon  the  action  of  the 
central  recipient  and  impelling  cavity ;  but  that  in  the  higher  tribes  the 
capillary  power*  is  more  and  more  subordinated  to  the  heart's  action. 
The  following  are  some  of  the  facts  which  appear  to  support  the  con- 
clusion that,  even  in  the  highest  animals,  this  capillary  power  is  not 
obliterated,  but  is  merely  superseded  by  the  energy  of  the  central  organ, 
which  it  was  necessary  to  endow  with  an  amount  of  force,  sufficient  to 
govern  and  harmonise  the  numerous  actions  going  on  in  different  parts  of 
the  system. 

370.    In  many  warm-blooded  Vertebrata,  and  still  more  in  the  cold- 
blooded Reptiles  (amongst  which  the  vitality  of  individual  parts  much 
longer  survives  injury  to  the  general  system),  motion  of  blood  in  the 
capillaries  has  been  seen  to  continue,  some  time  after  the  heart  has  ceased 
to  act,  or  has  been  removed,  or  after  the  great  vessels  have  been  tied ;  and 
this  motion  may  be  immediately  checked  by  certain  appUcations  to  the 
parts  themselves.     After  most  kinds  of  slow  natural  death,  the  arterial 
tnmks  and  left  side  of  the  heart  are  found  to  be  comparatively  empty, 
and  the  venous  cavities  full  of  blood.     This  effect  has  been  ascribed  to 
the  contraction  of  the  arterial  tubes ;   but  it  is  impossible  that  it  can  be 
altogether  due  to  that  cause,  since  their  calibre  is  never  found  to  have 
diminished  in  any  very  evident  degree ;   it  must  rather  result  from  the 
continuance  of  the  capillary  movement  after  the  general  systemic  circu- 
lation has  ceased.     The  continuance  of  various  processes  of  secretion  and 
even  of  nutrition  subsequently  to  general  or  somatic  death,  affords  an 

•  B7  using  this  expression,  the  author  does  not  mean  to  imply  that  any  motions  of  the 
capillaiy  vessels  are  of  mechanical  assistance  to  the  passage  of  fluid  through  them, — a 
doctrine  which  neither  common  sense  nor  experience  in  any  degree  support ;  hut  he 
merely  employs  it  to  designate  the  agent,  whatever  may  be  its  nature,  which  is  immedi- 
ately concerned  in  the  independent  motion  of  the  blood  through  the  capillaries,  and  which 
18  evidently  the  product  of  the  organic  changes  it  undergoes  in  them.  According  to  Dr. 
Alison,  the  movement  is  owing  to  a  new  set  of  vital  attractions  and  repulsions  to  which 
these  changes  give  rise ;  this  must  be  regarded  as  a  hypothetical  explanation  merely,  and 
liable  to  the  objection  that,  in  the  present  state  of  our  knowledge  of  physical  causes^  we  aie 
not  entitled  to  declare  that  the  eifect  is  not  due  to  these. 
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exceUent  proof  of  this  lingering  vitality  j  and  it  is  scarcely  possible  tl 
these  can  be  mointaiaed  without  some  degree  of  capillary  circulatk 
There  are  some  kinds  of  sudden  death,  however,  in  which  the  vitality  of 
the  whole  system  appears  to  be  simultaneously  destroyed,  and  the  blooil 
remains  in  the  vessels  as  it  was  at  the  moment  of  decease.  Again,  it  has 
been  stated  that,  in  an  amputated  hmb,  the  circulation  of  blood  through 
the  capillaries  has  been  seen  to  persevere  (under  the  influence  of  heat)  for 
ten  or  fifteen  minutes.  Microscopic  examination  of  the  circulation  in  the 
hving  animal  discloses  many  irregularities  in  the  capillary  currents,  which 
it  is  impossible  to  attribute  to  any  influence  derived  from  the  vessels  thai 
supply  them  ;  thus,  the  velocity  of  two  currents  in  neighbouring  channels 
is  often  very  different,  their  direction  changes,  and  some  of  them  even 
occasionally  stop  and  recommence  again  without  any  perceptible  me- 
chanical cause. 

371.  Amongst  the  most  remarkable  proofs  of  the  influence  of  the 
capiUary  circulation  on  the  general  distribution  of  the  blood,  is  one  derived 
from  the  observation  of  organs  which  undergo  periodical  changes  in 
activity.  Thus,  when  the  uterus  commences  to  develope  itself  during 
pregnancy,  the  capillary  circulation  is  of  course  performed  with  unusual 
activity,  and  occasions  an  increased  demand  for  hlood,  which  is  supptietl 
by  an  increase  in  the  diameter  of  the  tnmks  that  transmit  fluid  to  tlje 
organ ;  and  this  is  entirely  independent  of  any  increased  ene;^  in  tin' 
heart's  action,  which  would  have  affected  the  whole  system  alike.  The 
same  may  be  said  of  the  occasional  development  of  the  mammie  for  the 
secretion  of  milk  ;  and  of  similar  changes  in  other  organs,  of  which  tbe 
activity  is  periodical.  In  diseased  states,  also,  of  particular  portions  of 
the  system,  which  do  not  occasion  any  appreciable  alteration  in  the  heart's 
action,  the  quantity  of  blood  sent  to  the  part  is  ranch  increased,  and  tlii' 
pulsation  of  the  arterial  trunk  leading  to  it  is  evidently  stronger  than  that 
of  any  other  vessels  in  the  system.  Those  phenomena,  and  many  others 
which  might  be  mentioned,  are  evidently  analogous  to  one  formerly 
stated  as  having  been  ascertained  by  experiments  on  Plants  (§  333)  ;  and, 
when  taken  in  connection,  they  seem  to  indicate  without  much  doubt,  that 
the  quantity  of  blood  sent  to  individual  organs,  and  the  force  with  v 
it  is  transmitted,  vary  more  with  the  degree  of  attraction  exercised  t 
it  by  the  vita!  processes  taking  place  in  them,  than  with  the  p 
derived  from  the  impulsive  power  of  the  heart.  Another  remarlc* 
jiroof  of  the  influence  of  the  capillary  on  the  general  circulation,  i 
from  the  phenomena  of  Asphyxia  or  suffocation  ;  since  it  now  si 
tinctly  ascertained  that  the  check  given  to  the  circulation,  and  theue*  tJ 
all  the  other  fimctions,  arises  from  the  stagnation  of  the  blood  in  the 
capillaries  of  the  lungs,  by  the  cessation  of  that  reaction  between  the  fliuJ 
and  the  air,  which  seems  requisite,  not  only  to  mMntiun  its  t 
slitution  and  ]]roperties,  but  to  promote  its  mpvement  through  the  Vi 
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See  notet  to  §^  187i  234),*  Some  other  arguments  for  the  mdependput 
of  the  capillar}'  circulation,  ra&y  be  drawn  Iram  the  spontaneous 
notiona  exhibited  by  the  globules  of  the  bltwd,  wbeu  removed  from  the 
iody  or  Hberated  from  Teasels  ;  but  a  more  particular  account  of  these  will 
given  at  a  future  time  (§  423). 

372.  In  the  development  of  the  embryo  of  the  liigher  Vertebrated  ani- 
moreover,  there  is  a  period  at  which  a  diatiuct  movement  of  red 
Hood  is  seen,  before  any  pulsating  vessel  can  be  detected  to  possess  an 
luence  over  it ;  and  iii  the  formation  of  new  membranes,  which  is  one 
the  results  of  inflammation,  the  lymph,  at  first  poured  out  in  a  fluid 
ite  and  gradually  acquiring  a  solid  consistence,  presents  channels  in 
idiich  globides  are  seen  to  move,  before  these  become  connected  with  the 
tassels  of  the  neighbouring  parts.  Finally,  instances  not  very  unfre- 
jHently  occur,  of  embryos  having  attained  nearly  their  fidl  development, 
iriiich  have  been  unpossessed  of  a  heart,  and  in  which  the  circulation  has 
in,  as  it  were,  entirely  capillary ;  and  although  in  moat,  if  not  all,  of 
!ae  cases,  the  monster  has  been  accompanied  by  a  perfect  child,  the 
Ksrt  of  which  may  liave  been  suspected  to  have  influenced  its  own  circu- 
fion,  yet,  in  one  of  those  most  recently  examined,  the  occurrence  of  this 
la  been  disproved.  From  a  careful  examination  of  the  vascular  system, 
speared  impossible  that  the  heart  of  the  twin  fcctus  could  have  caused 
e  movement  of  blood  in  the  imperfect  one  ;  and  this  must,  therefore,  have 
entirely  similar  to  the  circulation  of  elaborated  sap  in  plants,  being 
maintained  by  the  nutritive  changes  occm'riug  in  the  capillaries, — an  efiect 
it  the  less  certain  because  we  are  as  yet  miable  to  explain  it  satisfactorily. f 
3"3.  The  evolution  of  that  eirculatiug  system  which  has  been  described 
1  as  peculiar  to  tlie  higher  classes  of  Vertebrated  animals,  is  not  completed 
tratil  the  moment  of  birth ;  and  the  progressive  changes  which  the  vascular 
ipparatus  undergoes,  in  the  development  of  the  ftetiis  of  Birds  and  Mam- 
ndio,  afford  a  most  beautiful  illustration  of  the  principles  already  laid 
down,  respecting  the  correspondence  between  the  transitory  stages  of  each 
system  in  the  higher  animals,  and  the  forms  permanently  exhibited  by  the 
lower.  It  has  been  seen  that  in  the  ot^ans  of  circulation,  as  well  as  in  all 
Others,  the  tendency,  as  we  rise  from  their  lowest  to  their  highest  condi- 
tion, b  one  of  centralisation.  In  the  simplest  Animals,  as  in  Plants, 
ihatever  motion  of  fluid  takes  place  is  effected  by  each  individual  part 
by  and  for  itself;  whilst  in  the  complex  and  highly-developed  structures 
that  occupy  the  other  extremity  of  the  scale,  the  development  of  a  power- 
ful organ  of  impulsion,  the  influence  of  which  extends  over  the  whole 
system,  has  superseded  the  diffused  agency  by  which  the  circulation  was 

'  See  alas  Dr.  Reid's  ver7  conclusive  experiment*,  in  Edinb.  Med.  and  Surg.  Joarnal, 
t  For  tho  details  of  Ihie  interesting  case,  which  wa<  communicated  by  Dr.  Houston  of 

Dublin  to  the  British  Association  in  1B36,  see  the  British  and  Foreign  Medicai  ■&«<»■« , 

")l.u,|i.  £96.  and  the  Dublin  MedicalJouraal  Air  IS3T. 
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previously  maintained.  This  progress  from  a  more  general  to  fl 
specif  type  is  equally  manifested  in  the  vascular  system  of  the  e 
and  the  analogy  which  thus  arises  between  the  forms  it  presents  at  differ- 
eut  epochs  of  its  development,  and  those  presented  by  the  lower  tribes  of 
animals,  is  oot  superficial  only,  hut  extends  even  to  minute  particulars. 
The  eggs  of  Birds  afford  the  best  opportunity  for  studying  the  early 
changes  which,  it  undei^oes,  and  these  haxt:  been  described  with  grrat 
minuteness  ;  such  a.  sketch  of  them  only  will  here  be  given  as  will  ser\e 
to  demonstrate  the  principles  alluded  to.  The  preliminary  stages  of  H 
process  will  be  described  in  their  proper  place  {chap.  xiii.). 

3/4.  At  an  early  period  of  incubation,  the  yoke  is  found  to  be  envelof 
by  a  membrane,  composed  of  distinct  cells,  which  is  divisible  into  tbc 
layers ;  and  a  point  is  easily  distinguishable,  at  which  the  embryo  will  i 
subsequently  evolved.  The  middle  layer  gives  origin  to  the  < 
system,  and  ia  therefore  termed  the  vascular  layer.  The  thickened  j 
tion  of  this  that  surrounds  the  germ,  soon  becomes  studded  with  n 
irregular  points  and  marks  of  a  dark  yellow  colour  ;  and  as  in 
proceeds,  these  points  become  more  apparent,  and  are  gradually  clonga 
into  small  lines,  wliieh  are  united  together,  first  in  small  groups,  and  then 
into  one  network,  so  aa  to  form  what  is  called  the  Vascular  area.  The 
newly-formed  vessels,  which  are  at  first  simply  channelled  out  Uke  tbe 
proper  vessels  of  Plants,  gradually  become  more  distinct,  acquiring  regular 
walb,  and  containing  a  fluid  of  a  darker  colour ;  the  small  branches  of  the 
network  arrange  themselves  like  the  fibrils  of  a  leaf  on  each  side  of  tbe 
embryo,  and  tenninate  in  two  vessels  which  pass  into  its  structure. 
Towards  the  circumference  of  the  area,  the  smaller  ramifications  opwi 
into  a  circular  trunk  which  bounds  the  space  (Fig.  128).  The  first 
rudiment  of  the  heart  appears  about  the  27th  hour,  and  is  of  a  tubular 
character,  being  formed  by  a  longitudinal  fold  of  the  vascular  layer ;  for 
some  time  it  is  simple  and  undivided,  extending,  however,  through  nearly 
the  whole  length  of  the  embryo ;  but  the  posterior  part  may  be  regarded  as 
corresponding  with  the  future  auricle,  since  prolongations  maybe  perceiveil 
extending  from  that  part  into  the  transparent  area,  which  indicate  the 
place  where  the  veins  subsequently  enter.  Although  the  development  hat 
proceeded  thus  far  at  about  the  35th  hour,  no  motion  of  fluid  ia  seen  in 
the  heart  or  vessels  until  the  38th  or  40th  hour.  When  the  heart,  which 
is  evidently  at  this  period  strictly  analogous  to  the  dorsal  vessel  of  the 
AuneUda,  first  begins  to  pulsate,  it  contains  only  colourless  fluid  mixed 
with  a  few  globules.  A  movement  of  the  dark  blood  in  the  eircumferenra 
of  the  vascular  area  is  at  the  same  time  perceived  ;  but  this  is  independcol 
of  the  contractions  of  the  heart,  and  it  is  not  until  a  subsequent  period, 
that  such  a  communication  is  estabUshed  between  the  heart  and  the  dis- 
tant vessels,  that  the  dark  fluid  contained  in  tbem  arrives  at  the  centnd 
cavity,  and  is  propelled  by  its  pulsations.     This  fact,  which  has  a  verj 
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important  bearing  on  the  theory  of  the  circulation,  and  which  has  been 
denied  by  some  observers  (amongst  others  by  Dr.  Allen  Thomson), 
appears  to  have  been  positively  estabUshed  by  the  latest  researches  of 
Von  Baer.* 

375.  The  contraction  of  this  dorsal  vessel  (for  so  it  may  be  termed) 
begins,  as  in  the  AnneHda,  at  its  posterior  extremity,  and  gradually 
extends  itself  to  the  anterior ;  but,  between  the  40th  and  50th  hours,  a 
separation  in  its  parts  may  be  observed,  which  is  effected  by  a  constriction 
round  the  middle  of  the  tube ;  and  the  dilatation  of  the  posterior  portion 
becomes  an  auricular  sac,  and  that  of  the  anterior  a  ventricular  cavity. 
Between  the  50th  and  60th  hours,  the  circulation  of  the  blood  in  the 
vascular  area  becomes  more  vigorous,  and  the  action  of  the  ventricle  is  no 
longer  continuous  with  that  of  the  auricle,  but  seems  to  succeed  it  at  a 
separate  period.  At  the  same  time  the  tube  of  the  heart  becomes  more 
and  more  bent  together  until  it  is  doubled ;  so  that  this  organ  now 
becomes  much  shorter  relatively  to  the  dimensions  of  the  body,  and  is 
more  confined  to  the  portion  of  the  trunk  to  which  it  is  subsequently 
restricted.  A  change  somewhat  similar,  but  less  in  amount,  has  been 
shown  by  Mr.  Newport  to  take  place  in  the  dorsal  vessel  of  many  Insects, 
at  the  time  of  their  last  metamorphosis.f  The  convex  side  of  the  curve 
which  the  tube  presents  (Fig.  129)  is  that  which  subsequently  becomes 
the  apex  or  point  of  the  heart ;  and,  between  the  60th  and  70th  hours, 
this  is  seen  to  project  forward  from  the  breast  of  the  embryo,  much  in  the 
situation  it  subsequently  occupies.  About  the  same  time,  the  texture  of 
the  auricle  differs  considerably  from  that  of  the  ventricle ;  the  auricle 
retaining  the  thin  and  membranous  walls  which  it  at  first  possessed; 
while  the  ventricle  has  become  stronger  and  thicker,  both  its  internal  and 
external  surfaces  being  marked  by  the  interlacement  of  muscular  fibres,  as 
in  the  higher  Mollusca.  About  the  65th  hour,  the  development  of  the 
heart  may  be  regarded  as  corresponding  with  that  of  the  Fish,  the  auricle 
and  ventricle  being  perfectly  distinct ;  but  their  cavities  are  as  yet  quite 
single.  The  heart  of  the  dog  at  the  21st  day  bears  a  great  resemblance 
to  that  of  the  chick  at  the  55th  or  60th  hour  ;  it  consists  of  a  mem- 
branous tube  twisted  on  itself  and  partially  divided  into  two  principal 
cavities,  besides  the  bulb  or  dilatation  which  at  this  period  is  found  at  the 

•  He  eays  that  there  is  no  doubt  of  the  blood  being  formed  before  the  vessels.  The 
formation  of  the  blood  goes  on  in  every  part  of  the  body  ;  and  when  formed,  it  is  put  in 
motion  hy  some  unknown  cause  that  impels  it  in  the  proper  direction,  until  at  length  it 
reaches  the  central  formation  of  blood,  around  which  is  developed  a  tubular  canal  after- 
wards to  be  further  modified  and  changed  into  a  heart.  The  first  motions  of  the  blood 
are  towards  the  heart,  and  consequently  the  first  vessels  formed  are  veins ;  a  fact  of  itself 
sufficient  to  disprove  the  hypothesis  that  the  motive  power  which  presides  over  the  circu- 
lation resides  exclusively  in  the  ventricles  of  the  heart.  Uber  Entwickelungsgeschicte 
derThiere,  &c.  Konigsberg,  1837,  part  ii.  p.  126. 

t  Roget's  Physiology,  vol.  ii.  p.  245. 


commencement  of  the  aorta,  and  which  corresponds  with  the  bulbua  B 
riosus  of  Fishes. 

376.  The  hlood-vessels  wliich  are  first  observed  in  the  hotly  c 
emhiyo,  as  well  as  in  the  vascular  area,  appear  formed  in  isolated  | 
which  gradually  coalesce  so  as  to  form  tubes  {§  374)  ;  no  difference  i 
first  observed  between  the  characters  of  the  arteries  and  those  of  the  veina, 
and  these  are  only  to  he  distinguislied  by  the  direction  of  tbe  currents  of 
blood  circulating  through  them.  Subsequentlv,  however,  (about  the  fourtb 
or  fifth  day  of  incubation,)  the  eoata  of  the  arteries  begin  to  appear  thicker 
than  those  of  the  veins,  and  the  distinction  between  them  soon  becomes 
evident.  After  the  principal  vessels  are  formed,  the  development  of  new 
ones  no  longer  appears  to  take  place  in  disunited  points,  but  to  be  effect 
by  the  prolougation  of  loops  from  those  already  existing.  This  j 
has  been  described  by  several  observers,  as  witnessed  in  tbe  finny  tail  I 
external  gills  of  the  coromon  tadpole  and  water-newt.  In  these  a 
tbe  coiuw;  of  the  blood  is  at  first  very  simple.  In  the  early  s 
development  there  is  no  capillary  network  on  the  tail,  but  a  simple  : 
trunk  which  runs  to  the  end  of  it,  and  there  joins  a  returning  vein. 
later  period,  it  is  well  known  that  the  tail  is  covered  by  a  network* 
minnte  vessels,  communicating  with  the  primary  artery  and  vein,  in  ■ 
the  blood  is  conveyed  through  the  whole  substance  of  the  organ, 
development  of  these  vessels  has  been  shown  to  be  owing  to  the  pro- 
longation of  communicating  branches  formed  between  the  primary  trunks, 
These  communicating  branches  pass  at  first  directly  from  the  artery  to 
the  vein ;  but  they  become  gradually  longer  and  assume  a  looped  form, 
extending  from  the  middle  to  the  lateral  expanded  portions  of  the  tail ; 
other  loops  are  formed  in  succession  from  these,  and  new  ones  again  from 
them,  until,  in  the  course  of  ten  or  more  days,  the  whole  of  the  finny  jian 
of  the  tail  is  covered  by  beautiful  miimte  arteries  and  veins.  The  loo|>  of 
the  vessel,  when  short  and  newly  formed,  has  at  first  more  the  appearance 
of  an  arterj'  than  of  a  vein,  as  the  blood  passes  through  it  in  jerks ;  as 
the  loop  elongates,  however,  and  new  branches  proceed  from  it,  the  binwl 
moves  in  jerks  in  that  part  only  of  the  loop  which  communicates  with 
the  arterial  trunk,  whilst,  in  the  part  connected  with  the  returning  vein,  the 
stream  of  blood  becomes  uniform. 

377.  The  development  of  the  vessels  in  the  filamentous  gills  of  the 
aquatic  Salamander  takes  place  on  precisely  the  same  plan ;  and  their 
distribution  in  the  leaf-like  gills  of  the  adult  Proteiis  (Fig.  130)  is  evi- 
dently the  result  of  a  similar  process.  A  corresponding  series  of  changea 
has  been  observed  in  other  organs.  Thus,  the  anterior  extremities  of  the 
Salamander  commence  as  little  tubercles  sprouting  behind  the  head,  and 
almost  destitute  of  circulating  blood.  Soon  after  their  appearance,  a 
single  vessel  is  seen  winding  round  their  extremities,  which  returns  to  th« 
body  without  giving  off  any  branches.     The  toes  are  soon  obsened  to 
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bud  forth  from  the  end  of  the  limb^  and  each  of  them  receives  a  small 
loop  from  the  original  vessel.  Commmiicating  branches  are  Hkewise 
thrown  across  the  joints,  and  as  the  Umb  becomes  larger,  numerous 
capillary  vessels  are  formed  in  the  same  manner  as  the  primitive  trunks. 
The  same  appearances  have  been  observed  in  the  first  evolution  of  the 
extremities  of  the  chick,  and  also  in  the  embryo  of  the  rabbit  and  other 
mammiferous  animals  ;  so  that  there  appears  reason  to  beheve  that,  after 
the  circulation  has  once  been  fully  estabhshed,  the  development  of  new 
vessels  takes  place  universally  on  this  plan,  except  where  their  formation 
is  the  result  of  a  diseased  action  (§  424).  Some  microscopic  observers 
state  that  new  loops  may  occasionally  be  seen  to  form,  during  the  ordinary 
processes  of  nutrition,  in  parts  which  have  already  attained  their  full  deve- 
lopment. There  is  reason  to  beUeve  that  new  capillaries,  wherever  they 
are  being  produced,  originate,  like  those  of  Plants  (§  336),  in  cells,  which 
have  formed  communications,  more  or  less  regular,  with  each  other.  Tlie 
larger  channels,  however,  would  seem  at  first  rather  of  the  nature  of  inter- 
cellular passages,  subsequently  acquiring  distinct  walls. 

378.   Having  traced  the  evolution  of  the  heart  of  the  chick  up  to  the 
grade  which  it  presents  in  Fishes,  we  may  now  enquire  what  is  the  condition 
of  the  other  parts  of  the  vascular  system  at  the  same  time.     At  the  end  of 
the  second  day,  the  ojortay  which  arises  by  a  single  trunk,  is  seen  to  have 
divided  into  two  canals  (1,  1,  Fig.  131),  which  separate  from  one  another 
to  enclose  the  pharynx,  and  then  unite  again  to  form  the  tnmk.  A,  which 
passes  down  the  spine.     During  the  first  half  of  the  third  day  (about  the 
60th  hour),  a  second  pair  of  arches,  2,  2,  is  formed,  which  encompasses 
the  pharynx  in  the  same  manner ;   and  towards  the  end  of  the  third  day, 
two  other  pairs  of  vascular  arches,  3,  3  and  ^,  4,  are  formed ;   so  that  the 
pharynx  is  now  encompassed  by  four  pairs  of  vessels,  which  unite  again 
to  supply  the  general  circulation.     These  evidently  correspond  with  the 
branchial  arteries  of  Fishes,  although  no  respiratory  apparatus  is  connected 
with  them  ;  and  in  fact  the  distribution  of  the  vascular  system  of  the  Bird, 
on  the  fourth  and  fifth  days,  exactly  resembles  that  presented  by  many 
cartilaginous  Fishes,  as  well  as  by  the  tadpoles  of  the  Batrachia.    The  first 
arch  is  obHterated  about  the  end  of  the  fourth  day ;  but  a  vessel  which  is 
sent  from  it  to  the  head  and  neighbouring  parts,  and  which  afterwards 
becomes  the  carotid  artery,  c,  continues  to  be  suppUed  through  a  commu- 
nicating vessel,  6,  from  the  second  arch.     While  the  first  pair  is  being 
obliterated,  a  fifth,  5,  is  formed  behind  the  four  which  had  previously 
existed,  proceeding  in  the  same  manner  as  the  fourth  from  the  ascending 
to  the  descending  aorta.    On  the  fourth  day,  the  second  arch  also  becomes 
less,  and  on  the  fifth  day  is  wholly  obUterated;  whilst  the  third  and  fourth 
become  stronger.     From  the  third  arch,  now  the  most  anterior  of  those 
remaining,  the  arteries  are  given  off  which  supply  the  upper  extremities, 
\  h ;  and  the  vessels  of  the  head  are  now  brought  into  connection  with  it, 
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by  means  of  the  communicating  brancli,  7,  which  previously  joined  the 
third  with  the  second  arch.  When  these  vessels  are  fuDy  developed,  the 
branch,  8,  by  which  these  arches  formerly  sent  their  blood  into  the  aorta, 
shrinks  and  gradually  disappears  ;  so  that,  by  about  the  13th  or  14th  day, 
the  whole  of  the  blood  sent  through  the  two  anterior  branches  is  carried 
to  the  head  and  upper  extremities,  instead  of  being  transmitted  to  the 
descending  aorta  as  before.  There  now  only  remain  the  fourth  and  fifth 
pair  of  branchial  arches,  the  development  of  which  into  the  aorta  and 
pulmonary  arteries  will  be  described  in  connection  with  the  changes,  which 
are  at  the  same  time  going  on  in  the  heart. 

379.  During  the  fourth  day,  the  cavities  of  the  heart  begin  to  be  divided 
for  the  separation  of  the  right  and  left  auricles  and  ventricles.  About  the 
eightieth  hour  the  commencement  of  the  division  of  the  auricle  is  indicated 
externally,  by  the  appearance  of  a  dark  line  on  the  upper  part  of  its  wall  ; 
and  this,  after  a  few  hours,  is  perceived  to  be  due  to  a  contraction,  which, 
increasing  downwards  across  the  cavity,  divides  it  into  two  nearly  spherical 
sacs.  Of  these  the  right  is  at  first  much  the  largest,  and  receives  the  great 
systemic  veins ;  the  left  has  then  the  aspect  of  a  mere  appendage  to  the 
right,  but  it  subsequently  receives  the  veins  from  the  lungs,  when  these 
organs  are  developed,  and  attains  an  increased  size.  The  septum  between 
the  auricles  is  by  no  means  completed  at  once ;  a  large  aperture  (which 
subsequently  becomes  the  foramen  ovale)  exists  for  some  time  at  its  lower 
part,  so  that  the  ventricle  continues  to  communicate  freely  with  both 
auricles.  This  passage  is  afterwards  closed  by  the  prolongation  of  a  val- 
vular fold,  which  meets  it  in  the  opposite  direction ;  it  remains  pervious, 
however,  until  the  animal  begins  to  respire  by  the  lungs,  and  sometimes  is 
not  completely  obliterated  even  then.  From  late  observations  it  would 
appear,  that  the  division  of  the  ventricle  commences  some  time  before  that 
of  the  auricle.  Although  some  variation  exists  in  the  statements  of  dif- 
ferent authors  on  the  mode  in  which  this  is  effected,  the  general  fact 
appears  to  be,  that  a  septum  is  gradually  developed  within  the  cavity  by  a 
projection  arising  from  its  inner  wall ;  and  this  progressively  acquires  firm- 
ness, and  rises  higher  up,  until  it  reaches  the  entrance  to  the  bulb  of  the 
aorta,  where  some  communication  exists  for  a  day  or  two  longer.  At  hist, 
however,  the  division  is  complete,  and  the  inter-ventricular  septum  becomes 
continuous  with  the  inter-auricular,  so  that  the  heart  may  be  regarded  as 
completely  a  double  organ.  The  progressive  stages  presented  in  the  deve- 
lopment of  this  septum  are  evidently  analogous  to  its  permanent  conditions 
in  the  various  species  of  Reptiles  (§  364-6).  The  changes  which  occur  in 
the  heart  of  the  Mammalia  are  of  a  precisely  similar  character ;  and,  as 
they  take  place  more  slowly,  they  may  be  watched  with  greater  precision. 
Soon  after  the  septum  of  the  ventricles  begins  to  be  formed  in  the  interior, 
a  corresponding  notch  appears  on  the  exterior,  which,  as  it  gradually 
deepens,  renders  the  apex  of  the  heart  double.     This  notch  between  the 
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right  and  left  ventricles  continues  to  become  deeper  until  about  the  eighth 
week  in  the  human  embryo,  when  the  two  ventricles  are  quite  separated 
from  one  another,  except  at  their  bases  (Fig.  132) ;  this  fact  is  very  in- 
teresting, from  its  relation  with  the  similar  permanent  form  presented  by 
the  heart  of  the  Dugong.  At  this  period,  the  internal  septum  is  still 
deficient,  so  that  the  ventricular  cavities  communicate  with  each  other,  as 
in  the  chick  on  the  fourth  day.  After  the  eighth  week,  however,  the 
septum  is  complete,  so  that  the  cavities  are  entirely  insulated ;  whilst  at 
the  same  time  their  external  walls  become  more  connected  towards  their 
bases,  and  the  notch  between  them  is  diminished ;  and  at  the  end  of  the 
third  month  the  ventricles  are  very  Uttle  separated  from  one  another, 
though  the  place  where  the  notch  previously  existed  is  still  strongly 
marked. 

380.  Returning  again  to  the  distribution  of  the  arterial  trunks,  we  are 
now  prepared  to  follow  their  final  modification,  by  which  they  are  adapted 
to  the  existence  which  the  individual  is  soon  to  commence  as  an  air- 
breathing  animal.  The  first,  second,  and  third  branchial  arches  have  been 
shown  to  be  replaced  by  the  brachial  and  carotid  arteries,  and  to  have  lost 
all  commmiication  with  the  aorta,  except  at  its  commencement,  where  they 
arise  with  the  other  trunks  from  its  dilated  bulb.  This  remains  a  single 
cavity  after  the  ventricles  are  distinct ;  but  towards  the  end  of  the  fifth  or 
the  b^inning  of  the  sixth  day  in  the  chick,  the  bulb  becomes  flattened, 
and  the  opposite  sides  adhere  together,  so  as  to  separate  it  into  two  tubes 
running  side  by  side.  Of  these,  one  communicates  with  the  left,  and  the 
other  with  the  right  ventricle.  The  former,  which  subsequently  becomes 
the  aorta,  is  continuous  with  the  fourth  branchial  arch  on  the  right  side 
only ;  but  from  this  the  carotid  and  brachial  arteries  arise  by  two  principal 
tnmks  (Fig.  131).  This  arch  becomes  gradually  larger,  so  as  to  form  the 
fireest  mode  of  communication  between  the  heart  and  the  descending  aorta ; 
it  subsequently  becomes,  in  fact,  the  arch  of  the  aorta.  The  tnmk,  which 
is  conneeted  with  the  right  ventricle,  on  the  other  hand,  and  which  subse- 
quently becomes  the  pulmonary  artery,  transmits  its  blood  through  the 
fourth  arch  of  the  left  side  (the  two  primary  tubes  twisting  round  each 
other)  and  the  two  fifth  arches ;  the  latter  were  seen  in  the  tadpole  to  pass 
to  the  lungs  exclusively  from  the  first,  and  to  increase  in  development  only 
as  the  supplies  of  blood  to  the  branchiae  were  cut  oflp.  The  fifth  arch  on 
the  left  side  is  gradually  obUterated,  so  that  the  pulmonary  artery,  P,  is 
tdtimately  formed  by  the  fourth  arch  of  the  left  side  and  the  fifth  arch  of 
the  right.  The  original  prolongation  of  the  former  trunk,  9,  to  meet  the 
descending  aorta,  still  remains ;  so  that  a  portion  of  the  blood  sent  from 
the  right  ventricle  is  transmitted  through  this  commimicating  branch 
directly  into  the  descending  aorta,  just  as  in  the  adult  Crocodile.  After  the 
first  inspiration,  however,  the  whole  of  the  blood  transmitted  through  the 
pulmonary  artery  passes  into  the  lungs,  and  does  not  enter  the  aorta  until 
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it  baa  been  returned  to  the  heart ;  and  this  communicating  vessel,  whirli 
i*  termed  the  daetus  arlerwiuM,  soon  shrinks  and  becomes  itoperrious.  TTic 
general  plan  of  the  irhotiges  which  occur  in  the  vascular  system  of  the  MaiD' 
malia,  is  the  same  as  that  nhich  has  been  described  in  Birds;  the  differencr* 
Ivinp  only  in  detail, — as  for  instance,  that  the  aortic  arch  b  formed  not  from 
tlie  right  but  from  the  left  branchial  tessel. 

.tRI.  Up  to  the  period  of  the  hatching  of  the  egg  in  Birds,  and  thr 
separation  of  the  foetua  from  the  parent  in  the  Mammalia,  the  circolatioii 
retains  some  peculiarities,  characteristic  of  the  inferior  type  which  is  per- 
manent in  the  Reptile  tribes.  Of  the  blood  which  is  brought  by  the  venooi 
trunks  to  the  right  auricle,  part  has  been  purified  by  transmission  to  thr 
respiratory  sm^ace  (the  membrane  lining  the  egg  in  birds,  and  thnl  forming 
the  placenta  in  mammalia),  whilst  a  part  has  been  vitiated  by  circulatioo 
through  the  system.  The  former  is  brought  from  the  abdomen  bv  tlit 
ascending  vena  cava,  mixed  with  the  blood  which  has  circulated  throngb 
the  lower  extremities ;  whilst  the  descending  cava  brings  back  that  which 
has  passed  through  the  capillaries  of  the  bead  and  npper  extremities,  au<l 
which,  having  received  no  admixture  of  arterial  blood,  is  not  fit  to  be  agaiji 
transmitted  in  the  same  condition.  It  will  be  recollected  that  a  communi- 
cation still  exists  between  the  two  auricles,  the  foramen  ovale  yet  rem^nin^ 
pervious ;  and  by  a  fold  of  the  lining  membrane  of  the  right  auricle, 
forming  the  Eustachian  valve,  the  ascending  and  descending  currents  are 
90  directed,  that  the  former  {consisting  of  the  most  higbly-arteriahsed 
blood)  posses  at  once  into  the  left  auricle,  whilst  the  latter  flows  into  thr 
right  ventricle.  From  the  left  auricle,  the  arterial  blood  is  propelled  into 
the  left  ventricle,  and  thence  through  the  arch  of  the  aorta  to  the  vesscia 
of  the  head  and  upper  extremities,  a  comparatively  small  part  finding  its 
way  into  the  descending  aorta.  The  venous  current  is  propelled  throngh 
the  pulmonary  artery ;  but  the  lungs  not  yet  being  expanded,  little  of  it  i» 
transmitted  to  these  organs,  and  the  greater  part  finds  its  way  throngh 
the  ductus  arteriosus  into  the  descending  aorta,  where  it  mixes  with  thv 
remainder  of  the  first-mentioned  portion.  This  trunk  not  only  snpplirs 
the  viscera  aud  lower  extremities,  (which  are  thus  seen  to  receive,  as  in 
reptiles,  blood  of  which  only  a  portion  has  been  oxygenated),  but  sends  a 
large  proportion  of  its  contents  to  the  umbilical  vessels,  by  which  it  is 
conveyed  to  the  oxygenating  organ,  and  returned  again  to  the  venous  trunk 
of  the  abdomen.  The  peculiar  course  taken  by  the  blood  through  the 
heart,  which  was  suspected  from  anatomical  investigation,  has  been  recently 
demonstrated  by  means  of  coloured  injections  by  Dr.  J.  Reid.*  Another 
peculiarity  in  the  frata!  circulation  is  the  mode  in  which  the  blood  passu 
through  the  liver,  In  the  adidt  Mammalia,  as  in  Birds  and  all  other 
Vertebratft,  the  blood  which  has  circulated  through  the  intestinal  viscera  is 
collected  into  a  large  venous  trunk,  the  vena  porta,  which  subdivides  Hgain 
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into  capillary  vessels  in  the  liver.  The  object  of  this  arrangement  is  not 
the  nutrition  of  that  organ,  which  is  effected  by  the  branches  of  the  hepatic 
artery,  but  the  supply  of  its  secreting  surface  for  the  elimination  of  the 
bile;  and  the  hepatic  vein  consequently  receives,  and  conveys  to  the 
ascending  vena  cava,  both  the  blood  which  has  been  transmitted  through 
the  nutritive  capillaries  of  the  liver  by  the  hepatic  artery,  and  that  which, 
after  ramifying  through  the  nutritive  capillaries  of  the  intestines,  has  tra- 
versed the  secreting  capillaries  of  the  Uver.  The  vena  porta  in  the  foetus, 
however,  receives  not  only  the  venous  blood  of  its  abdominal  viscera,  but 
the  arterial  blood  sent  from  the  respiratory  surface ;  and  as  it  would  not  be 
desirable  that  the  whole  of  this  should  pass  through  the  Uver  before  being 
transmitted  to  the  heart,  an  immediate  passage  into  the  vena  cava  is  pro- 
vided for  a  part  of  it,  in  the  ductus  venosus,  which,  not  being  required  after 
birth,  shrivels  into  a  hgament.  A  similar  communication  exists  permanently 
in  Fishes,  and  to  a  less  degree  in  other  oviparous  Vertebrata ;  and  it  seems 
there  intended  to  transmit  directly  to  the  heart  whatever  proportion  of  the 
blood,  brought  to  the  vena  porta,  may  be  at  the  time  superfluous  as  regards 
the  frmction  of  the  hver. 

382.  The  knowledge  of  the  different  stages  of  the  development  of  the 
vascular  apparatus,  enables  us  to  explain  many  of  the  malformations  which 
it  occasionally  presents.  One  of  the  most  common  of  these  gives  rise  to 
the  malady  termed  cyanosis  or  the  blue  disease ;  this  results  from  the 
foramen  ovale,  whiqh  estabUshes  a  communication  between  the  auricles, 
remaining  open  after  pulmonary  respiration  has  been  established ;  so  that 
a  considerable  portion  of  the  blood  transmitted  to  the  right  cavity  passes 
into  the  left,  without  being  previously  arterialised  by  passage  through  the 
limgs.  Persons  thus  affected  have  always  a  livid  aspect,  from  the  quantity 
of  venous  blood  circulated  through  the  arteries ;  they  are  deficient  in  mus- 
cular energy,  and  in  power  of  generating  heat,  and  they  are  seldom  long 
lived.  A  consequence  partly  similar  would  probably  have  resulted  from  a 
carious  malformation  mentioned  by  Kilian,  had  the  infant  remained  alive  ; 
in  this  case,  the  aortic  arch  had  not  been  developed,  so  that  the  primary 
aortic  trunk  gave  off  only  the  vessels  to  the  head  and  upper  extremities  ; 
whilst  the  communicating  branch  between  the  pulmonary  artery  and  de- 
scending aorta,  which  usually  is  of  a  secondary  character,  constituting  the 
ductus  arteriosus,  was  here  the  only  means  by  which  the  blood  could  be 
transmitted  to  the  latter ;  so  that  the  circulation  through  the  lower  part  of 
the  trunk  and  extremities  would  have  been  entirely  venous.  A  malforma- 
tion of  this  kind  in  a  diminished  degree  has  not  been  found  incompatible 
with  the  continuance  of  Hfe ;  several  cases  being  on  record,  in  which  the 
ductus  arteriosus  has  remained  pervious,  and  has  brought  part  of  the  blood 
from  the  pulmonary  artery  to  the  descending  aorta.  Cyanosis  is  of  course, 
as  in  the  former  instance,  the  result  of  this  imperfect  arteriaUsation ;  and 
the  individual  is  reduced,  as  far  as  his  vascular  system  is  concerned,  to  the 
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condition  of  tlie  Crocodile.  An  arrest  of  development  at  a 
may  cause  still  greater  imperfections  in  the  formation  of  the  heart, 
the  septum  of  the  ventricles  is  sometimes  found  iniMmplete,  the  c 
cation  Letneen  the  cavities  usually  occurring  in  the  part  which  is  last 
tbrmed,  and  which  in  most  B^ptiles  remains  open.  In  other  cases  it  has 
been  altogether  wanting,  although  the  aorta  and  pvdmonary  artery  were 
both  present,  and  arose  side  by  side  from  the  common  cavity ;  and  this 
form  of  the  circulating  apparatus  is  evidently  analogous  to  that  presented 
by  Reptiles  in  general.  A  still  greater  degradation  in  its  character  has 
been  occasionally  evinced ;  for  several  cases  are  now  on  record,  in  which  the 
heart  has  presented  but  two  cavities,  an  auricle  and  a  ventricle,  and  thus 
corresponded  with  that  of  the  Fish  ;  in  one  of  these  instances  the  child  had 
lived  for  seven  days,  and  its  functions  had  been  apparently  but  little  dis- 
turbed. The  occasional  entire  absence  of  the  heart  has  already  been  noticH; 
and  coexistent  with  this,  there  is  always  great  deficiency  in  the  other  orgnns, 
the  brain  and  sometimes  the  liver  and  stomach  being  undeveloped.  The 
bifid  character  of  the  apex,  which  presents  itself  at  an  early  period  of  the 
development  of  the  heart,  and  is  permanent  in  the  Dugong,  sometimes 
occurs  as  a  malformation  ui  the  adult  human  subject ;  evidently  resulting, 
like  the  others  which  have  been  mentioned,  from  an  arrest  of  development. 
On  similar  principles  some  occasional  peculiarities  noticed  in  the  distribu- 
tion of  the  vess  Is  may  be  nceo  nted  for,  of  which  a  striking  example  will 
be  prese  t\\  g  ven  The  \  ena  (  ava  is  occasionally  observed  to  consist  of 
two  parallel  trunks  wh  ch  are  sometimes  partially  united,  and  then  separate 
again  a  sim  lar  cond  t  on  s  permanent  in  some  cartilaginous  Fishes,  and 
the  explanaf  on  ot  t  s  to  be  sought  tor  in  the  history  of  the  developmeol 
of  the  venous  systen  n  general  '^\  e  have  seen  that  in  many  of  the  lower 
animals  such  as  the  (  rustacea  where  the  arteries  are  perfect  canals  having 
distinct  coats  the  ve  s  seem  to  be  merely  channels  through  the  tissues 
having  a  n  nch  less  defin  te  characte  in  hke  manner,  at  an  early  period 
of  the  fostal  developn  eut  of  the  h  gher  animals,  several  small  vessels  are 
found  wh  re  one  ve  n  subsequently  exists  ;  and,  if  the  coalescence  of  these 
has  been  Irom  anv  cause  checked  they  will  remain  permanently  separated 
to  a  greater  or  less  extent 

383  *!  veral  u  terest  g  vanet  es  have  been  detected  in  the  arrangement 
of  the  pr  nc  pa!  trunks  gi  en  off  fro  the  Aorta ;  and  though  we  cannot 
accou  t  for  tl  en  on  the  pn  e  pies  already  mentioned,  it  is  not  a  little 
curious  that  early  all  of  tl  se  iregulaT  forms  possess  analogues  in  tht 
arrangements  hich  are  j  c  ul  ar  to  son  e  or  other  of  the  Mammalia.  Tlie 
mode  n  wh  ch  the  cer  bral  a  d  hrach  al  vessels  usually  arise  in  the  human 
subject  IS  shown  n  the  adjoned  figure,  a,  where  a,  6,  is  the  arch  of  tlie 
aorta  1  and  2  the  trm  ks  of  tl  c  r  ght  carotid  (which  supplies  the  head) 
and  of  the  nght  sub  la  an  (which  s  d  trihuted  to  the  upper  extremity), 
arising  1 V  a  con  n    n      u  k— tl  c  ar    r  a  iunominatn ;  while  the  left  carotid, 
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3,  and  the  left  subclavian,  4,  arise  separately.  At  b  is  seen  a  distribution 
which  is  rare  in  the  human  subject,  the  two  carotids  arising  by  a  common 
trunk,  and  the  right  as  well  as  the  left  subclavian  being  given  off  sepa- 
rately ;  this  is  the  regular  arrangement  of  branches  in  the  Elephant.  It  is 
not  so  unusual  for  all  the  branches  to  arise  from  single  trunks,  as  at  c ; 
and  this  appears  to  be  the  regular  type  in  some  of  the  Cetacea.  Some- 
times, again,  there  is  an  arteria  innominata  on  each  side,  subsequently 
dividing  into  the  carotid  and  subclavian,  as  at  d  ;  and  on  this  plan  the 
branches  are  distributed  in  the  Bat  tribe,  and  also  in  the  Porpoise.  A  not 
unfrequent  variety  in  the  human  subject,  is  for  both  carotids  to  arise  with 
the  right  subclavian  from  a  single  trunk,  as  at  e,  the  left  subclavian 
coming  off  by  itself ;  this  is  observable  as  the  regular  form  among  many 
animals,  being  common  among  the  Monkey  tribe,  the  Camivora,  the 
Rodentia,  &c.  Another  variety  which  is  not  unfrequent  is  shown  at  f,  the 
vertebral  artery  on  the  left  side,  5,  which  usually  arises  from  the  sub- 
clavian, springing  directly  from  the  aorta;  it  is  on  this  plan  that  the 
branches  are  given  off  in  the  Seal.  A  form  which  is  very  uncommon  in 
man  is  that  represented  at  g  ;  here  the  aorta  divides  at  once  into  an 
ascending  vessel,  from  which  the  two  subclavian  and  two  carotid  arteries 
arise,  and  a  descending  trunk ;  this  is  the  regular  distribution  of  the  ves- 
sels in  ruminating  animals,  and  appears  to  be  most  general  in  Mammalia 
possessing  a  long  neck.  Lastly,  at  h,  is  seen  a  form  which  evidently 
results  from  an  arrest  of  the  usual  changes  in  the  arterial  trunks  described 
in  §  378,  380;  the  aorta  continuing  to  possess  a  double  arch,  from  the 
ascending  part  of  which  the  subclavian,  external  carotid,  and  internal 
carotid  arteries  are  given  off  on  each  side,  the  single  descending  trunk 
being  formed  by  the  union  of  the  two  original  branches.  This,  it  will  be 
recollected,  is  the  normal  type  of  formation  in  Reptiles.* 

•  In  the  foregoing  account  of  the  development  of  the  vascular  system,  the  Author  has 
availed  himself  freely  of  the  valuable  papers  of  Dr.  Allen  Thomson,  in  the  Edinb.  Philos. 
Journal,  Vols.  ix.  and  x. ;  in  the  sketch  of  the  malformations  of  the  heart,  he  has  made 
use  of  the  paper  of  Dr.  Paget  in  the  Edinb.  Med.  and  Surg.  Journal,  Vol.  xxxvi. ;  and 
the  last  paragraph,  with  the  accompanying  figures,  has  been  entirely  derived  from  the 
magnificent  work  of  Tiedemann  on  the  Arteries. 
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CHAPTER  VII. 

On  Interstitial  Absorption, 

384,  The  circulating  system  already  described  not  only  serves  to  convey, 
to  parts  of  the  organism  remote  from  the  absorbent  surface,  the  alimentary 
materials  required  for  the  nutrition  of  their  tissues  :  but,  in  the  lower 
tribes  of  animals,  it  returns  to  the  central  reservoir  the  portion  of  the 
circulating  fluid  which  has  not  been  so  employed ;  and  is  also  the  means 
of  conveying  thither,  for  the  purpose  of  subsequent  excretion,  those  par- 
ticles of  the  solid  structure  which,  from  tendency  to  decomposition  or  some 
other  cause,  are  not  fit  to  be  retained  in  it.  Moreover,  the  general  vascular 
system  seems  occasionally  concerned  in  the  absorption  of  fluid  from  the 
external  surface  as  well  as  from  the  walls  of  the  digestive  cavity  (§  323). 
But  in  the  Vertebrated  classes,  which  possess  a  special  set  of  vessels  for  the 
absorption  of  chyle  from  the  intestines  (§  306),  we  also  find  a  system  of 
tubes  of  corresponding  structure  ramifying  through  every  part  of  the  sys- 
tem, to  which  the  function  of  absorption  seems  more  particularly  delegated. 
The  lymphatics,  as  they  are  termed,  are  distributed  through  almost  every 
tissue  in  the  body,  and  are  believed  to  form  a  large  proportion  of  the  fibres 
of  cellular  structure ;  they  are  especially  abundant  beneath  the  skin,  where 
they  form  a  close  network  so  universally  diffused  that,  if  successfully  in- 
jected, it  is  scarcely  possible  to  find  a  spot  not  traversed  by  them.  The 
minutest  of  these  tubes  are,  however,  much  larger  than  the  capillary  vessels 
connecting  the  arteries  and  veins;  and  it  seems  now  generally  allowed 
that  they  do  not  take  their  origin  in  them  (as  some  have  maintained), 
but  that  they  commence,  like  the  lacteals,  without  open  extremities,  their 
contents  being  derived  by  imbibition  or  endosmose  from  the  surrounding 
tissues.  The  minute  lymphatic  canals  unite,  like  the  veins  and  lacteals, 
into  larger  trunks ;  and  by  these  the  fluid  which  is  taken  up  by  the 
absorbent  extremities,  is  conveyed  to  the  principal  veins.  The  number 
and  mode  of  the  communications  between  the  lymphatic  and  venous  sys- 
tems differs  in  each  class  of  animals ;  it  will  be  seen  that  they  are  most 
numerous  in  Fishes,  but  that  the  separation  between  the  two  kinds  of 
vessels  becomes  more  complete,  until,  in  Man  and  the  higher  Mammalia, 
the  contents  of  the  lymphatics  are  united  with  those  of  the  lacteals,  and 
are  poured  into  the  venous  system  by  two  trunks  only. 

38.5.  The  lymphatic  system  is  exhibited  in  its  simplest  and  most  dif- 
fused form  in  fishes,  the  lowest  class  in  which  it  has  been  observed. 
Indeed  it  has  not  been  detected  in  some  of  those  Vermiform  species,  of 
which  the  conformation  is  so  simple,  and  in  which  the  traces  of  verte- 


I  breted  structure  are  so  slight.     The  mmutc  vessels  are  distributed  esten. 

(dvely  througli  both  the  superficial  and  deep-seated  parts  of  the  body  ;  but 

I  their  coats  are  peculiarly  thin  aud  soft,  and  their  tubes,  which  are  destitute 

I  of  valves,  extremely  distensible.     Numerous  plexuses  are  formed  by  the 

I  convolutions  and  anastomoses  of  their  trunks,  in  different  parts  of  the 

Lbody,  especially  around  the  veins,  which  may  be  regarded  as  the  first 

indications  of  the  so-cnlled  glands    that    are   presented   in  the  higher 

Although  a  considerable  proportion   of  the  lymphatic  trunks 

nite  with  the  lacteal  vessels,  to  form  principal  canals  (corresponding  with 

t  thoracic  duct  in  higher  animals),  which  empty  their  contents  into  the 

lystemic   reins  near  the  heart,    there   are  many  other  communications 

between    the  two  systems,   as  Fohmaim   appears   to   have   satisfactorily 

monstrated.     A  pulsating  cavity  has  been  described  by  Dr.  M.  Hall,  as 

;  to  the  vein  of  the  tail  in  the  eel ;  but  it  is  more  probably  an 

mdage  of  the  lymphatic  system,  like  those  to  be  presently  described  in 

utiles. 

Reptiles  present  several  interesting  peculiarities  in  the  con- 
ion  of  their  lymphatic  system.     As  in  Fishes,  the  vessels  are  gene- 
rally destitute  of  valves,  though  these  may  occasionally  be  observed  in  the 
lai^  trunks ;  and  the  extended  plesuses  do  not  yet  exhibit  the  concentra- 
tion which  they  present  in  Birds  and  Mammalia.     In  tliis  class,  pulsating 
dilatations  of  the  lymphatic  trunks,  or  lymphatic  heart*,  have  been  dis- 
covered in  different  parts  of  the  body.     In  the  Frog  there  are  two  pairs  of 
these,  one  situated  just  under  the  skin,  through  which  its  pulsations  are 
readily  seen  in  the  living  animal,  immediately  behind  the  hip  joint ;  and 
the  other  pair  is  more  deeply  seated  at  the  upper  part  of  the  chest.     Tlic 
former  receive  lymph  from  the  posterior  part  of  the  body,  and  pour  it  into 
9  proceeding  from  the  some  part ;  the  latter  collect  timt  which  \s 
tnsmitted  from  the  anterior  part  of  the  body  and  head,  and  empty  their 
tntents  into  the  jugular  vein.     Their  pulsations  are  totally  independent 
f  the  heart  and  of  the  acts  of  respiration,  since  they  continue  after  the 
moval  of  the  former,  aud  for  an  hour  or  two  after  the  apparent  death 
Ind  complete  dismemberment  of  the  animal.     Neither  are  they  synchro- 
s  with  each  other  on  the  two  sides  of  the  body,  nor  always  performed 
in  the  same  space  of  time  ;  for  the  pulsations  are  not  only  generally  irre- 
gular, but  sometimes  exhibit  long  and  frequent  iutemussions ;  when  in 
conatant  action,  they  occur  about  sL\ty  times  in  a  minute.     A  similar  pair 
of  vesicles  has  been  detected  in  Salamanders  and  Lizards,  in  which  they  are 
situated  near  the  root  of  the  tail,  and  are  connected,  in  like  manner,  with 
B  of  the  lower  extremity ;  they  have  also  been  discovered  in  8er- 
mts,  where  they  lie  under  the  last  rib.     One  of  these,  which  has  lately 
ben  described  in  the  Python  bivitatus,  a  large  species,  is  represented  laiil 
ten  in  Fig.  133.    It  is  about  nine  hues  in  length  and  four  lines  in  breadth  ; 
i  has  a  thick  muscubir  coat,  wifh  four  museular  columns  running  across 
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its  cavity.  It  communicates  with  three  lymphatic  trunks,  and  with  two 
veins ;  and  all  the  orifices  are  provided  with  valves,  formed  by  folds  of  the 
smooth  membrane  that  Hues  the  cavity.  In  the  Turtle,  however,  there  is 
no  commimication  between  the  pelvic  veins  and  the  lymphatic  trunks,  and 
these  pulsating  vesicles  do  not  exist.  In  the  Reptiles  in  general,  the 
lymphatic  system  is  stated  by  Panizza  to  attain  a  prodigious  development, 
when  its  extent  is  contrasted  with  that  of  the  blood-vessels :  but  this  exten- 
sion is  probably  rather  apparent  than  real ;  and,  like  a  similar  extension  of 
the  respiratory  system  in  insects  and  birds,  arises  from  the  want  of  that 
concentration  which  it  elsewhere  exhibits.  It  seems  probable  that  some 
vital  changes  are  produced  in  the  fluid  both  of  the  lacteals  and  lymphatics, 
during  its  passage  through  their  tubes  ;  and  the  prolongation  of  these 
appears  essential  to  their  performance  (see  chap.  viii.). 

387.  In  BIRDS  we  find  the  lymphatic  system  existing  in  a  more  perfect 
form ;  its  trunks  being  provided  with  valves,  and  the  difliised  plexuses  being 
replaced  by  glands  or  ganglia,  which  seem  to  be  only  another  aspect  of 
the  same  structure.      These  can  scarcely  be  compared  with  the  other 
organs  designated  by  that  name,  since  their  function  does  not  appear  to 
consist  in  the  separation  of  any  products  from  the  blood  which  passes 
through  them.     They  consist  of  a  number  of  convolutions  of  lymphatic 
trunks  closely  approximated  to  one  another,  through  which  veins  also  are 
dispersed.     Although  direct  communications  between  these  two  systems  of 
tubes  have  been  alleged  to  exist  in  the  lymphatic  glands,  the  statement  is 
probably  erroneous  ;  the  passage  of  fluid  from  one  to  the  other,  which  can 
be  made  to  take  place  by  forcible  injections,  being  due  either  to  a  rupture 
of  the  coats  of  adjoining  vessels,  or  to  the  transudation  of  fluid  through 
those  invisible  pores,  which  must  exist  wherever  absorption  is  performed. 
It  seems  probable  that  in  the  lymphatic  glands  some  mutual  changes  are 
efiected  between  the  blood  and  the  lymph,  through  the  walls  of  their 
respective  vessels ;  but  of  the  nature  of  these,  we  are  entirely  ignorant. 
Similar  formations  occur  on  the  lacteal  trunks ;  and  they  generally  exhibit 
the   same   degree   of  complexity   with   those   of  the   lymphatics.      The 
absorbents  of  Birds  terminate  principally  by  two  thoracic  ducts,  one  on 
each  side,  which  enter  the  jugular  veins  by  several  orifices ;  there  are, 
however,  two  other  entrances,  as  in  Reptiles,  into  the  veins  of  the  lower 
extremity.     These  are  connected  with  two  large  dilatations  of  the  lymph- 
atic trunks,  which  are  evidently  analogous  to  the  lymphatic  hearts  of 
Re})tiles,   but   which  do   not   seem   to  have  any  power  of  spontaneous 
movement.     In  the  Goose,  they  are  about  the  shape  and  size  of  a  kidney- 
bean,  and  are  situated  in  the  angle  between  the  tail  and  the  thigh.     They 
were  supposed  by  Panizza  to  possess  an  automatic  power  of  alternate 
contraction  and  dilatation ;  but  this  motion  has  been  shown  by  Midler  to 
be  due  to  the  respiratory  actions, — being  synchronous  with  them,  and 
ceasing  when  they  are  interrupted. 
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388.  In  MAMMALIA,  both  lacteals  and  lymphatics  terminate  entirely 
in  the  thoracic  ducts,  of  which  that  on  the  left  side  is  usually  the  largest, 
the  right  trunk  receiving  only  the  hnnphatics  of  the  right  side  of  the  heafl 
and  upper  extremity,  with  those  of  the  right  limg  and  right  side  of  the 
hver.     These  terminate  at  the  angle  formed  by  the  junction  of  the  sub- 
clayian  and  internal  jugular  veins,  on  the  two  sides  respectively ;  and  it 
is  a  beautiful  instance  of  mechanical  adaptation,  that  this  should  be  a 
point  of  much  less  resistance  to  the  entrance  of  a  fresh  current,  than  if  the 
aperture  had  been  made  in  the  side  of  a  single  trunk.     Although  these 
are  the  only  two  canals  by  which  the  lymphatics  usually  communicate 
with  the  veins  in  man,  their  number  is  greater  in  many  species  of  Mam- 
malia, yet  they  all  terminate  in  the  same  part  of  the  venous   system. 
Thus,  the  left  thoracic  duct  often  resembles  rather  a  plexus  of  vessels  than 
a  single  tube ;  branches  proceeding  from  it  and  then  reuniting,  and  at  last 
terminating  in  the  veins  by  several  apertures.      Sometimes  it  consists 
throughout  of  two  tubes,  which  anastomose  with  each  other  and  with  the 
duct  on  the  right  side,  and  terminate  separately  in  the  veins ;  and  in  the 
Pig  a  branch  of  communication  is  sent  off  to  the  vena  azygos,  which  is  a 
small  trunk  running  in  proximity  with  it  along  the  spinal  column.     All 
these  modes  of  distribution  occur  as  irregularities  of  conformation  in  the 
human  subject,  the  former  not  being  imcommon;  the  last,  however,  is 
rare.     In  the  lymphatic  system  of  the  MammaHa  we  witness  its  most 
concentrated  and  highly-developed  form ;  the  vessels  are  copiously  pro- 
Tided  with  valves ;  and  their  parietes  are  firmer  than  in  the  lower  classes. 
Instead  of  the  extensive  plexuses  of  Fish,  we  find  small  dense  lymph- 
atic glands  disposed  in  different  parts  of  the  system ;   these  are  more 
nimierous  than  in  Birds,  and  are  most  abundant  in  the  lymphatics  con- 
nected with  organs  which  may  receive  or  imbibe  substances  from  without, 
SQch  as  the  digestive  cavity,  the  limgs,  and  skin  ;  whilst  they  are  smaller 
and  more  scattered  upon  the  absorbents  which  arise  from  deep-seated 
organs,  the  substance  of  the  Umbs,  &c.     It  is  somewhat  curious  that 
where  two  lymphatic  vessels  unite,  the  common  trunk  is  frequently  not 
larger  than  either  of  those  which  form  it ;  and  thus  the  large  canals  do  not 
exhibit  by  any  means  the  same  proportion  to  the  primary  branches  of  which 
they  are  composed,  as  the  great  veins  or  arteries  bear  to  their  capillaries. 

389.  The  pecuHar  characters  of  the  lymph,  and  the  sources  from 
which  it  is  derived,  will  be  considered  in  the  next  chapter.  Although  a 
part  of  it  is  certainly  derived  from  the  fluid  portions  of  the  blood,  which 
have  transuded  through  the  sides  of  the  capillaries  for  the  nutrition  of  the 
adjacent  tissue,  there  appears  httle  doubt  that  the  lymphatics  may,  like 
the  lacteals,  take  up  fluid  brought  into  relation  to  them  from  without. 
In  fact,  the  cutaneous  lymphatics  are  to  the  external  surface,  what  the 
lacteals  are  to  that  portion  of  it  which  is  reflected  inwards  to  boimd  the 
digestive  cavity  (§  306) ;  and  it  is  a  little  remarkable  that  ^e  ^"Si  Aao\)ft. 


sets  of  vessels  developed  at  the  same  pnrt  of  the  animal  scale,  the  fune- 
tioua  of  each  having  been  previously  performed  by  the  general  circulating 
system.  That  it  is  by  means  of  the  lymphatics,  and  not  by  the  veiBtfl 
that  substances  apphed  with  friction  to  the  skin  are  chiefly  absorl 
appears  evident  from  the  circumstance  that,  if  these  be  of  an  irrilatii:^ 
racter,  red  streaks  appear  in  the  course  of  the  lymphatics,  and  the 
houring  glands  are  swollen  :  their  absorbent  power  is  also  evinced  by  llir 
fact,  that  the  branches  surrounding  collections  of  peeuhar  animal  fluids  hHM' 
been  seen  filled  with  those  fluids ;  thiis,  when  the  bile-ducts  have  beeii 
obstructed,  fluid  of  a  yeflow  colour,  which  contained  the  components  of 
bile,  has  been  found  in  the  lymphatics  of  the  liver.  The  ahsorlieal 
power  of  the  lymphatics  of  the  skin  is  shown  by  an  experiment  of  Sclin'- 
ger's.  Having  tied  a  bandage  round  the  hind-leg  of  a  puppy,  the  limb 
was  kept  for  twenty-four  hours  in  tepid  milk ;  at  the  expiration  of  tliis 
period  the  Ij-mphatics  were  found  tldl  of  milk,— the  veins  contained  noiii!. 
In  repeating  this  experiment  upon  a  young  mau,  no  milk  could  Iw 
detected  in  the  blood  drawn  from  a  vein.  A  striking  experiment,  vh'wh 
led  to  the  same  conclusion,  is  mentioned  by  Miiller.  He  placed  a  frn^ 
with  its  posterior  extremities  entirely  immersed  in  a  solution  of  prussiWc 
of  potash,  and  kept  it  so  for  two  lioura.  He  then  washed  the  aniroat 
carefully,  and,  having  wiped  the  legs  dry,  tested  the  lymph  taken  from 
nnder  the  skin  with  a  persalt  of  iron ;  the  lymph  assumed  immediately  » 
bright  blue  colonr,  while  the  colour  of  the  scrum  of  the  blood  was  scarcdv 
perceptibly  affected  by  the  test.  In  a  second  experiment,  in  which  [hi' 
frog  was  kept  only  one  hour  in  the  solution,  the  salt  could  not  be  deteclril 
in  the  lymph. 

390.  There  is  no  doubt,  however,  that  in  many  cases  the  veins  particijalc 
in  the  function  of  absorption,  even  more  actively  than  the  lymphatics. 
Thus,  when  a  solution  of  prussiate  of  potash  was  injected  into  the  lunp 
by  Mayer,  it  was  detected  within  five  minutes  in  the  serum  of  the  blood, 
and  long  before  it  could  be  traced  in  the  lymph :  and  it  was  found  in  llw' 
left  side  of  the  heart  (to  which  the  pulmonary  veins  appeared  to  hate 
conveyed  it)  before  a  trace  of  it  could  he  detected  in  the  right  cavities ; 
whUe,  if  the  absorption  had  been  effected  by  the  lymphatics,  the  course  of 
the  lymph  being  first  into  the  venous  blood  of  the  body,  the  salt  absorbeil 
ought  to  have  been  first  detectible  in  the  right  cavities  of  the  heart.  It  has 
been  also  found  that,  when  the  veins  have  been  laid  bare,  and  poisonons 
substances  have  been  applied  to  their  exterior,  their  usual  eS«cts  upoa 
the  system  have  followed.  It  might  not  perhaps  be  difficult  to  reconcile 
these  apparently  contradictory  results,  by  attention  to  the  predominance  of 
each  system  of  vessels  in  the  part  to  which  the  absorbed  substance  Las 
been  applied.  Thus,  as  already  mentioned,  the  ramification  of  the 
lymphatics  in  and  beneath  the  skui  is  most  universal ;  whilst,  the  verr 
object  of  the  hmgs  beuig  to  expose  tiie  blood  to  the  air,  their  eapillariiti 
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necessarily  approximate  more  closely  than  the  l3rmphatics  to  the  absorbent 
surface,  and  wiU  consequently  be  more  directly  affected  by  external  agents. 
With  regard  to  the  last  experiment,  it  is  to  be  recollected  that,  the  impedi- 
ment arising  from  the  tissues  in  which  the  vessel  was  enveloped  being 
removed,  it  might  be  expected  that  it  should  readily  imbibe  fluid  through 
its  thin  parietes ;  and  it  can  scarcely  be  deemed  improbable  that,  if  a 
lymphatic  trunk  of  the  same  size  existed  in  the  body,  it  would  absorb 
fluid  applied  to  its  surface  with  even  greater  rapidity. 

391.  But  absorption  takes  place,  not  merely  from  the  surface  of  the 
body  or  its  cavities,  but  from  the  tissues  themselves.     One  of  the  most 
evident  examples  of  this  process  is  the  wasting  of  the  body  from  the 
absorption  of  fat,  which  takes  place  during  almost  all  diseases,  and  during 
hybernation.     The  removal  of  fluids  which  have  been  eflused  through  the 
tissues,  as  in  dropsical  swellings,  or  of  the  colouring  matter  of  the  bile 
which  has  been  deposited  in  jaundice,  are  instances  in  which  this  function 
tends  to  repair  the  effects  of  disease ;  but  there  are  many  cases  in  which 
its  too  great  activity  in  itself  constitutes  disease,  by  causing  a  loss  of  sub- 
stance, which  impairs  the  continuity  of  the  tissue.      There  are  other 
circumstances,  again,  in  which  interstitial  absorption,  taking  place  as  one 
of  the  regular  series  of  vital  changes,  without  a  corresponding  deposition 
of  nutritive  materials,  produces  atrophy  or  wasting  of  an  organ  ;  but  this 
is  sometimes  a  natural  condition,  and  effects  those  alterations  in  the  rela- 
tive proportions  of  different  parts  of  the  body,  which  are  so  remarkable  at 
progressive  stages  of  growth.     Thus  are  produced  the  disappearance  of  the 
tail  of  the  tadpole,  when  it  is  metamorphosed  into  a  frog ;  the  removal  of 
the  membrane  which  closes  the  pupil  in  the  foetus  ;  the  formation  of  cells 
or  even  of  large  cavities  in  bones,  which  were  originally  filled  with  medul- 
lary pulp ;  the  wasting  of  the  thymus  gland  from  infancy  to  the  twelfth 
year ;  and  many  other  effects  of  the  same  kind. 

392.  It  may  still  be  doubted  to  what  extent  these  phenomena  are 
occasioned  by  the  lymphatics,   or  how  far  the  veins  partake  in  their 
production.      In  bony  tissue,  lymphatics  have   never  yet  been  demon- 
strated ;  still,  however,  their  existence  cannot  be  altogether  denied ;  but 
if  they  are  really  absent,   the  process   of  absorption,   which  is  often 
very  actively  performed  in  the  bones,  is   manifestly  due  to  the  veins. 
The  cells  of  the  bone  are  developed  in  the  child  long  after  it  is  formed,  and 
mcrease  in  size  by  the  agency  of  the  same  process ;  some  of  these  cells 
subsequently  attain  large  dimensions,  as  those  forming  the  frontal  and 
sphenoidal  sinuses,  which  are  not  developed  until  the  period  of  youth ; 
and  in  birds  the  long  bones,  which   are  at  first  filled  with  a  spongy 
medulla,  are  afterwards  completely  hollowed,  and  brought  into  connection 
with  the  respiratory  organs  (§  479).     The  roots  of  the  first  teeth  are 
absorbed  at  the  time  they  are  shed ;  but  this  is  perhaps  due,  not  to  inter- 
stitial absorption  taking  place  in  their  own  substance,  but  to  the  same 
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kind  of  process  as  that  by  which  the  Mollusca  are  enabled  to  modify  the 
form  of  their  shells  (§  136).  When  atrophy  is  a  general  condition  of  the 
system,  and  results  from  the  diminished  activity  of  the  nutrient  process 
whilst  the  usual  absorption  continues,  a  certain  order  is  usually  observed 
in  the  wasting  of  the  tissues ;  fat  being  absorbed  first,  then  cellular  tissue, 
and  then  muscle,  bone,  cartilage,  and  tendon.  Various  artificial  agents 
may  produce  the  same  effect  with  disease ;  thus,  long-continued  pressure, 
by  putting  a  stop  to  nutrition,  may  cause  every  tissue  to  be  absorbed. 
Iodine,  on  the  other  hand,  whilst  it  probably  impairs  the  nutritive  func- 
tions, stimulates  the  absorbent  processes  themselves,  and  hence  is  advan- 
tageously employed  for  the  removal  of  indolent  tumours,  especially  those 
connected  with  the  lymphatic  glands. 

393.  Of  the  causes  of  the  motion  of  the  fluid  contained  in  the  lym- 
phatic trunks,  in  those  higher  animals  which  are  unprovided  with  propelling 
cavities,  little  satisfactory  explanation  can  be  given.  It  is  probably  due  in 
part  to  the  force  created  by  absorption  at  their  origins,  like  the  ascent  of 
the  crude  sap  in  the  stems  of  plants ;  and  it  may  be  assisted  by  the  occtr 
sional  pressure  resulting  from  muscular  action  on  the  trunks,  which  will 
force  their  contents  in  the  direction  permitted  by  the  valves.  But  these 
explanations  are  insufficient  to  account  for  the  fact  that,  if  a  ligature  be  pnt 
on  the  thoracic  duct,  the  lower  part  will  be  distended  even  to  bursting.  It 
is  probable  that  the  lymphatic  vessels  are  themselves  able  to  execute  a  sort 
of  peristaltic  movement,  by  which  their  fluid  contents  are  propelled  for- 
wards ;  the  reflux  being  prevented  by  the  valves,  with  which  they  are 
plentifully  supplied. 


CHAPTER  VIII. 

NUTRITION    AND    FORMATION    OF   TISSUES. 

General  Considerations. 

394.  The  nature  of  the  absorption  of  alimentary  fluid,  and  the  means 
of  its  transmission,  when  required,  to  distant  parts  of  the  system,  having 
now  been  considered,  the  question  next  arises,  how  the  nutritive  ingre- 
dients thus  introduced  are  applied  to  the  development  and  maintenance 
of  the  several  portions  of  the  structure.  The  conversion  of  the  inorganic 
elements  which  constitute  the  food  of  Vegetables,  into  tissues  of  complex 
formation,  and  possessed  of  qualities  entirely  different  from  those  of  their 
components,  is  a  process  in  which  several  stages  may  be  traced  with  con- 
siderable distinctness ;  and  although  the  aliment  introduced  into  the 
Animal  system  never  exists  in  a  state  of  corresponding  simphcity,  yet 


NUTRITION    AND    FORMATION    OF   TISSUES.  303 

the  alterations  which  it  undergoes  in  composition  and  properties  are 
scarcely  inferior  in  extent  or  peculiarity  of  character.  With  regard  to 
the  nature  of  these  changes,  our  knowledge  is  very  limited ;  it  is  derived 
principally  from  the  study  of  their  most  evident  eflfects ;  and  there  can  he 
little  douht  that  the  imperfection  of  our  present  means  of  observation  has 
caused,  and  will  continue  to  produce,  great  ignorance  of  what  may  be  in 
reality  their  most  important  particulars.* 

395.  In  cases  in  which  the  processes  of  nutrition  are  manifestly  of  a 
complex  nature,  and  in  which  the  conversion  of  the  alimentary  materials 
into  organised  tissues  does  not  follow  their  absorption  so  immediately  as 
in  the  simplest  forms  both  of  the  Animal  and  Vegetable  kingdoms,  a  con- 
siderable alteration  may  be  traced  in  the  character  of  the  nutritious  fluid, 
between  the  time  of  its  first  reception  into  the  system,  and  its  application 
to  its  ultimate  purpose.      This  alteration  consists  in  the  formation  of 
certain  new  combinations  of  its  elements,  into  substances  ready  to  be 
assimilated  by  the  various  tissues, — that  is,  to  be  converted  by  organis- 
ation into  part  of  their  own  structure.     It  is  probable  that,  even  in  beings 
whose  simplicity  of  conformation  prevents  us  from  discerning  any  change 
intervening  between  the  absorption  of  aliment  and  the  growth  and  re- 
novation of  the  tissues,  the  same  process  really  takes  place ;  as  it  would 
seem  to  be  a  general  law  of  organisation,  that  no  soUd  textures  can  as- 
similate, or  convert  into  Uving  structures  hke  their  own,  matter  which 
has  not  been  previously  formed  into  combinations,  differing  essentially 
from  those  which  exist  in  the  inorganic  world.     Thus,  we  find  in  the 
blood  a  variety  of  ingredients,  most  of  them  peculiar  to  Animal  bodies, 
which  have  been  produced  subsequently  to  the  first  reception   of  its 
materials  into  the  digestive  cavity,  and  which  are  prepared  for  the  re- 
paration and  maintenance  of  the  several  tissues ;   and,  in  like  manner, 
the  elaborated  sap  of  Vegetables  contains  other  principles  peculiar  to  the 
vegetable  structure  and  adapted  to  its  maintenance.     These  are  called, 
therefore,  organisahle  products ;  and  are  partly  identical  with  the  sub- 
stances denominated  by  the  chemist,  proximate  principles :  amongst  the 
latter,  however,   are  found  many  which   do  not  furnish  materials  for 
organisation,  but  are  rather  its  results, — being  the  constituents  of  the 
Tarious  secretions,  which  are  either  carried  out  of  the  system  altogether, 
or  stored  up  within  it  for  particular  purposes. 

396.  Of  the  means  by  which  the  simple  ingredients  that  enter  the  ab- 
sorbent system  are  converted  into  organisahle  products,  little  is  positively 

♦  Thus,  the  recent  application  of  polarised  light  to  the  examination  of  vegetable  juices, 
has  shown  that,  during  the  progress  of  vegetation,  important  differences  may  be  detected 
in  the  nutritious  principles,  which  were  not  previously  supposed  to  exist ;  and  it  is  not 
improbable  that  its  more  extended  employment  may  have  a  powerftil  influence,  in  dis- 
closing to  us  some  of  the  most  recondite  processes  of  Nature's  laboratory.  See  Taylor's 
Scientific  Memoirs,  vol.  i.  p.  584,  et  seq. 
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known  ;  but  the  result  of  late  chemical  researches  certainly  favours 
the  idea,  that  the  affinities  by  which  their  elements  are  held  together,  are 
not  different  from  those  which  operate  in  the  production  and  changes  of 
the  combinations  presented  to  us  in  the  inorganic  world ;  and  that,  being 
subject  to  the  same  laws,  they  may  be  made  to  exhibit  analogous  pheno- 
mena (§21).  In  forming  an  opinion  on  this  subject,  it  is  necessary  to 
keep  in  view,  that  the  conversion  of  organiaable  products  into  organised 
tissues  is  a  process  entirely  different  from  the  production  of  the  former,  and 
takes  place  under  the  laws  of  vitaHty  alone.  In  fact,  the  power  of  commu- 
nicating to  nutritious  matter  their  own  structure  and  properties,  which  is 
the  most  obvious  characteristic  of  Uving  beings  in  general,  is  also  peculiar 
to  each  of  their  component  textures.  Thus,  from  the  same  circulating 
fluid  of  uniform  character  in  every  part  of  the  body,  is  developed  in  one 
spot  muscular  fibre,  in  another  nervous  tissue,  in  another  soUd  osseous 
matter,  and  so  on ;  the  new  matter,  in  almost  every  instance,  being  de- 
posited in  continuity  with  the  previously-existing  structure.  An  organised 
character  is  not,  however,  pecuHar  to  living  solids  ;  for  some  traces  of  it 
may  be  detected  in  the  circulating  fluid,  which  is  also  possessed  of  proper- 
ties that  must  be  considered  as  vital,  since  they  differ  from  any  which  a 
mere  mechanical  admixture  of  the  ingredients  could  present.  Thus,  the 
phenomena  of  the  coagulation  of  the  blood  cannot  be  satisfactorily  ex- 
plained without  this  admission ;  and  those  exhibited  by  the  descending  or 
elaborated  sap  of  vegetables  seem  to  place  it  in  the  same  Ught  (§  399).  It 
would  seem,  then,  that  the  solid  parts,  which  most  unequivocally  exhibit 
this  peculiar  character,  not  only  obtain  from  the  nutritive  fluid  the 
materials  necessary  for  the  reparation  and  extension  of  their  structure,  in 
which  they  develope  their  own  vital  properties, — ^but,  in  absorbing  aliment 
from  without,  and  converting  it  into  forms  most  adapted  to  their  main- 
tenance, they  also  endow  it,  whilst  still  fluid,  with  qualities  which  prepare  it 
for  its  final  assimilation.  In  tracing  the  alterations  which  occur  in  the 
alimentary  fluid,  from  the  time  of  its  first  absorption  to  its  ultimate 
destination,  we  hav^  therefore  not  only  to  enquire  into  the  changes  in  the 
chemical  relations  of  its  constituents,  but  into  the  traces  of  organised 
structure  and  vital  properties  which  it  manifests.  It  is  obvious  that  these 
changes  can  be  more  distinctly  studied,  in  proportion  as  their  different 
steps  are  separated  from  one  another  ;  and  accordingly  it  will  be  desirable 
to  examine  them  first  as  they  occur  in  the  higher  classes  of  Plants  and 
Animals,  and  then  to  apply  the  results  thus  obtained  to  those  of  more 
simple  conformation. 

Nutrition  in  Plants. 

397.  In  the  usual  condition  of  most  Vascular  plants,  there  is  no  doubt 
that  the  greatest  proportion  of  the  fluid  imbibed  into  the  system  is  derived 
from  the  soil  surrounding  the  roots;   and  that  it  holds  in  solution  carbon 
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in  varions  forms,  which  is  uUimately  to  enter  into  new  combinations  with 
the  other  elements,  for  the  production  of  the  oi^anisable  products,  gum, 
sugar,  &e.  which  are  the  principal  sources  of  the  maintenance  of  the 
tissues.  It  would  seem  that  the  fiuid  thus  absorbed  is  in  all  plants  nearly 
the  same  imder  corresponding  circumstances ;  though  of  the  mineral 
ingredients  of  any  soil,  some  will  be  selected  most  abundantly  by  one 
plant,  some  by  another.  The  sap  in  ascending  the  stem,  soon,  howerer, 
undergoes  an  alteration,  hy  dissolving  the  secretions  which  had  been  bud 
up  from  the  previous  year ;  and  tliia  ndmivtm'e,  whilst  it  furnishes  a 
necessan,-  conditiou  for  the  continuance  of  the  absorption,  may  also  not 
improbably  be  an  important  aid  to  the  process  of  conversion  of  the  cnide 
materials,  which  is  taking  place  at  the  same  time.  The  ascending  sap, 
when  examined  sufficiently  near  to  the  roots,  is  almost  uniformly  found 
to  he  of  very  low  densitv,  and  to  possess  no  characteristic  properties  in 
different  orders  of  plants.  In  its  upward  ascent,  however,  its  specific 
gravity  increases,  from  the  cause  just  mentioned ;  and  the  quantity  of 
sugar  and  gum  contained  in  it  is  sensibly  greater.  How  far  these  are 
newly-formed  products,  or  are  merely  dissolved  by  the  fluid  in  its  passage 
through  the  stem,  it  is  not  easy  to  say.  It  is  probable,  however,  that  the 
greatest  addition  made  to  the  solid  tissues  of  vegetaWes,  is  effected  by  the 
absoqition  of  carbon  from  the  atmosphere  by  the  surface  of  the  leaves  ; 
and  the  real  process  of  the  conversion  of  the  oxygen,  hydrogen,  and  car- 
bon thus  obtained  from  the  surrounding  elements,  into  organisable  products, 
cannot  he  said  to  take  place  until  the  crude  sap  arrives  there. 
398.  The  crude  sap  brought  to  the  leaves  consists  of  Uttle  more  than 
iter  i  a  very  abundant  absorption  of  which  is  necessary  to  introduce  into 
K  system  a  sufficient  quantity  of  the  mineral  and  other  ingredients,  that 
R  so  sparingly  diffused  through  the  fluid.  The  separatiou  of  a  large 
pt^rtion  of  fluid  by  the  process  of  eslialation  is,  therefore,  one  of  the 
aadpal  changes  required  for  the  concentration  of  its  nutritious  contents  ; 
id  it  will  be  subsequently  shown  (§  498)  that  the  quantity  retained  in 
le  system  frequently  bears  a  most  inconsiderable  relation  to  that  originally 
wived  into  it.  A  plant  in  active  Tegetation,  and  exposed  to  the  influence 
if  lolar  light,  obtains  a  considerable  supply  of  carbon  from  the  atmosphere 
s  subsequently  described  {§  440),  and  thus  is  capable  of  adding 
Dthe  amount  of  its  organisable  materials  ;  for  these  consist  of  Uttle  else 
D  carbon  united  vrith  the  elements  of  water  in  varying  proportions. 
3  sap  elaborated  by  these  processes  has  undergone  a  very  evident 
flange  in  its  character  ;  for,  instead  of  being  a  thin  watery  liquid  nearly 
e  in  all  plants,  it  is  dense  and  viscid,  and  contains  not  only  the 
Baterials  necessary  for  the  nutrition  and  the  formation  of  the  different 
(arts,  but  the  products  characteristic  of  each  order  which  constitute  its 
leeuliar  secretions.  It  is  well  known  that  the  juices  expressed  from  the 
9  always  contain  these  principles,  although  sometimea  to  a  SivAcA 
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form,  a  particnlar  part  of  the  structure  being  frequently  adapted  lo 
separate  and  store  them  up.  The  crade  sap  may  aiford  a  refreshing 
hereragc,  whilst  rising  iu  abundance,  although  that  which  is  descending 
after  elaboration  cannot  be  tasted  with  impunity.  Thus,  the  liiliabitants 
of  the  Canary  islands  tap  the  trunk  of  the  Euphorbia  canarienais,  auil 
draw  off  the  ascending  current  for  this  purpose,  although  the  proper  j 
of  the  plant  is  of  a  very  acrid  character. 

399.  In  the  ascending  sap  there  b  but  little  trace  of  organisation,  i 
does  the  fluid  exhibit  any  properties  which  can  be  regarded  i 
Some  traces  of  globules  have  been  observed  high  up  in  the  stem  ;  1 
these  may  have  been  derived  from  the  previously  assimilated  matter. 
tlie  descending  sap,  or  proper  juice,  on  the  other  hand,  globules  are  y[ 
abimdant ;  and  they  may  be  seen  to  move  not  only  witbiu  the  canalsa 
the  living  plant,  but  even  when  the  fluid  is  drawn  from  it.  According'.^ 
the  observation  of  Amici,*  the  glutinous  sap  of  the  vine  when  r 
from  the  stem  assumes,  during  the  species  of  coagulation  which  it  under- 
goes, regular  forms,  closely  analogous  to  those  of  the  lower  Coufervre 
the  one  hand,  and  to  the  elementary  tissues  of  which  it  supplies 
materials,  on  the  other.  When  wounds  have  been  made  in 
of  its  flow,  it  is  evidently  from  the  exudation  which  takes  plac 
edges  that  the  regeneration  of  substance  takes  place ;  and  it  scare 
admits  of  a  doubt,  therefore,  that  the  ingredients  it  contains  are  n 
chemical  combinations  of  elemcutary  bodies  into  organisable  products,  hut 
that  they  are  to  a  certain  extent  possessed  of  vital  properties,  which  hare 
been  probably  developed  in  them  simultaneously  with  the  traces  of 
organisation  they  exhibit.  The  proper  juice,  then,  seems  to  contain  th( 
materials  of  the  solid  parts  which  compose  the  structure  of  the  plant,  u 
well  as  of  its  various  secretions  and  excretions  :  the  former  existing  to  » 
certain  extent  in  the  crude  sap,  and  being  but  httle  prone  to  spontaneoui 
decomposition  ;  the  latter  appearing  to  be  compounds  of  a  higher  order, 
being  more  removed  ftum  iuorgamc  substamces  in  form  and  compositioD, 
and  in  general  more  liable  to  the  separation  of  their  elements.  The  gain 
and  sugar  contained  in  the  crude  sap,  with  the  additional  carbon  derived 
by  the  leaves  from  the  atmosphere,  would  seem  to  be  readily  convertible 
into  the  materials  essential  to  the  growth  of  the  plant,  and  these  an 
formed  under  almost  any  circumstances  which  permit  the  maintensncr 
of  its  existence  ;  but  it  requires  a  perfect  state  of  the  vegetative  powers, 
and  the  presence  of  the  necessary  external  stimuli  In  a  high  degree.  In 
produce  some  of  those  peculiar  secretions,  of  wliich  such  a  remarkable  variety 
exists  in  the  Vegetable  kingdom. 

400.  The  organisable  product  most  universally  existing  in  the  projipr 
juices  of  plants,  is  Gum.  It  is  found  in  the  bark  and  wood  of  all  trees, 
and  ia  present  in  such  abundance  in  several,  as  to  flow  from  the  bark  wheu 
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mded,  or  when  its  surface  cracks ;  this  exudation  is,  therefore,  to  be 
(Onsidered  iu  the  light  of  an  accidental  hemorrhage,  and  not  of  a  regular 
retion.  The  following  reusuus  may  be  specified  for  regarding  gum  as 
e  essential  ingredient  in  the  nutritious  flnid.  1.  It  exists  in  all  vascular 
inta  without  any  known  enception.  2.  It  is  found  in  all  their  organs, 
particularly  in  the  bark  where  some  of  the  specinl  secretions  appear  to  he 
formed.  3.  Its  properties  seem  favourable  to  the  life  of  plants,  which 
grow  readdy  in  a  solution  of  it,  if  not  too  viscid.  -1.  Its  composition, 
which  is  merely  carbon  in  union  with  water,  is  snch  as  might  be  expected 
from  the  action  of  the  leaves  upon  the  crude  sap.  .'5.  This  composition 
differs  little  from  that  of  the  substances  which  fonn  the  basis  of  the 
organised  textures ;  and  these  substances  are  convertible  into  gum  by  sim- 
ple chemical  processes. — Various  modifications  of  this  principle  exist  in 
different  vegetables ;  but  they  may  all  be  considered  as  combinations  of 
pure  gum  with  other  principles. 

401.    Sugar  is  considered  by  Dr.  Prout  as  being,  from  its  crystalline 
form  and  simple  constitution,  the  most  allied  of  any  of  the  organic  pro- 
dncts  to  inorganic  combinations.     Several  varieties  of  it  may  be  obtained 
from  different  sources ;   that  of  the  Cane,  which  seems  the  purest,  and 
which  may  probably  be  regarded  as  the  type  of  the  rest,  is  composed, 
according  to  Dr.  Prout,  of  9  atoms  of  carbon  and  8  of  water.     The  sugar 
of  honey  contains  9  atoms  of  carbon  and  13  of  wat«r,  and  may  thus  be 
regarded  as  a  compound  of  water  and  pure  sugar,  or  a  hydrate  of  sugar  ; 
other  forms  of  this  principle,  differing  somewhat  in  their  sensible  proper- 
ties, might  probably  be  represented  in  the  same  manner.     There  are  some 
instances  in  which  sugar  appears  to  he  the  first  organic  compound  formed 
I      by  the  combination  of  the  external  elements,  as  when  abundantly  esisting 
^t  b  the  ascending  sap  of  trees, — the  maple,  for  example  ;  frequently,  how- 
^m  trer,  its  formation  is  the  result  of  other  processes,  as  when  it  is  produced 
^B  ij  the  conversion  of  starch  in  the  manner  to  be  presently  mentioned.     It 
^K  ippears  to  be  the  form  of  nutriment  best  adapted  for  the  development  of 
^B  iqiidly-growing  succulent  parts  (thus  the  sugar  in  the  stem  of  the  cane 
^P  ii  exhausted  hy  flowering,  and  that  which  is  so  abundantly  contained  in 
r  the  cortical  system  of  the  beet,  is  ultimately  carried  into  the  upper  part  of 
■;       the  plant,  and  similarly  diminished  hy  its  inflorescence)  ;  and  whenever 
1       a  store  of  nutriment  has  been  previously  laid  up  for  their  maintenance,  it  is 
I       made  to  assume  the  form  of  sugar  before  being  apphed  to  its  destined  purpose. 
I  402.    Neither  of  these  principles  ever  exliibit  traces  of  organisation,  and 

they  may  therefore  he  regarded  as  strictly  orgiinisable  products  ;  but  there 
is  a  peculiar  form  of  the  first,  which  appears  in  some  respects  intermediate 
between  its  usual  condition  and  that  of  the  hving  tissues  which  are  formed 
from  it.  This  is  Feeula  or  Starch,  a  principle  very  universally  diffused 
through  the  Vegetable  kmgdom.  Starch,  when  removed  from  the  plant, 
exists  in  the  form  of  minute  granules,  each  of  which,  if  examined  with 


the  Diicrnscope,  U  found  to  possess  an  almost  membninous 
externally,  whilst  it  is  Dearly  fluid  within.  The  substance  of  wliiAi 
consists  is  very  analogous  to  gum  ;  and  it  is  by  the  concretion  of 
portion  first  deposited,  that  the  envelope  is  formed.  Fresh  gni 
matter  is  subsequently  received  by  absorption  into  the  interior  of  tl 
and  a  succession  of  layers  may  thns  be  foimd  in  every  grannlt 
of  which  the  oldest  and  firmest  is  on  the  exterior,  whilst  the  newest 
and  most  fluid  is  within.  Tliese  grains  resist  the  actions  of  mauy 
chemical  agents ;  but  when  exposed  to  a  heat  of  about  160",  the  pellicle 
bursts,  and  its  contents  are  liberated  ;  and  this  is  the  explanation  of  l\it 
fort,  that  Starch  once  dissolved  in  hot  water  can  never  be  restored  to  its 
original  form.  Fecula  may  in  fact  he  considered  as  little  else  than  gniu 
divided  into  minute  portions,  each  of  which  is  enclosed  in  a  kind  of  mem- 
branous cell;  and  m  this  state  it  appears  to  answer  very  important  ends  ia 
the  Vegetable  economy.  It  is  remarked  by  De  CandoUe  that,  "  while  gum 
itself  may  be  considered  the  nutrient  principle  of  vegetation,  diffiiBed 
freely  through  the  structure  of  the  plant,  and  constantly  in  action,  starcli 
is  apparently  the  same  substance  stored  up  in  such  a  manner  as  not  w  be 
readily  soluble  in  the  circulating  fliuds,"  thns  forming  a  reservoir  of 
nutritions  matter,  which  is  to  be  consumed— like  the  fat  of  .\ninitls 
(which  it  closely  resembles  in  stnieture) — in  supporting  the  Plant  at  par- 
ticular periods.  Thus,  we  find  it  stored  up  in  the  seedt  of  most  sjvedra, 
either  forming  a  separate  albumen  as  in  the  Grasses,  or  taken  into  the 
structure  of  the  embryo  and  constituting  the  mass  of  the  fleshy  cotyledon), 
as  in  the  Leguminosec,  &c.  (^  7^,  7G) ;  in  each  of  these  cases  it  serves  »s 
a  magazine  of  food  for  the  nutrition  of  the  embryo,  until  the  developmenl 
of  those  organs  which  enable  it  to  maintain  an  independent  existence. 
Similar  reservoirs  are  occasionally  formed  by  the  enlargement  of  the 
into  tubers,  for  the  nutrition  of  the  buds  to  he  developed  from  them, 
in  the  Potfttoc,  Arrowroot  plant,  &c.  ;  or  by  the  accumulation  of  the 
material  in  fleshy  roots,  hvlba,  Jtc,  from  whiah  stems  rapidly  grow  npr 
Fecula  is  also  found  abundantly  in  the  soft  interior  (improperly  called 
pith)  of  the  stem  of  the  Sago  Palm  and  other  Endogcus,  where  it  seems 
destined  to  assist  the  evolution  of  the  young  leaves ;  and  in  the  fleshy  expM- 
sions  of  the  flower-stalk  (termed  receptacles),  on  which,  in  many  orders,  the 
flower  is  situated,  and  in  which  it  seems  to  answer  a  corresponding  purpow. 
403.  In  all  these  cases,  the  immediate  end  of  the  accumulation  of 
Fecula  is,  that  it  may  be  ready  for  the  nutrition  of  the  young  germ  before 
it  ia  capable  of  obtaining  food  for  itself;  and  it  may  be  observed  that  the 
deposit  continues  to  increase  as  long  as  the  plant  is  in  active  vegetation. 
— atn  a  its  maumum, — and  then,  remaining  stationary  during  the 
wm  h  gi  s  to  decrease  in  the  spring.  The  deposition  of  fecula  fiilfiK 
h  re  o  an  obvious  purpose  in  the  Vegetable  economy  ;  but  we  cannot 
d     h     h    wise  and  henevolent  intention  of  the  Creator,  in  thus  providing 
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a  store  of  nutritious  and  palatable  food  for  Man,  in  situations  whence  lie 
can  so  easily  obtain  it ;  and  it  is  interesting  to  remark  that,  as  it  almost 
always  exists  in  an  insulated  form,  it  may  be  obtained  in  a  state  of  purity 
from  many  vegetables  which  would  otherwise  be  very  poisonous.  Before 
it  can  be  apphed  to  the  nutrition  of  the  plant,  however,  its  condition 
must  be  changed.  Thus,  in  the  germination  of  seeds,  it  is  converted  into 
sugar,  which  is  the  form  of  ahment  best  adapted  to  the  development  of 
the  embryo ;  the  same  change  takes  place  in  the  tuber  of  the  potatoe ; 
and,  from  the  researches  of  Dunal  (§  448),  it  seems  probable  that  the 
Starch  deposited  in  the  receptacle  is  converted,  during  the  period  of  flower- 
ing, into  Sugar.  This  conversion  is  a  process  which  the  chemist  can 
imitate ;  for  if  the  fecula  be  first  heated,  so  that*  its  vesicles  may  be 
ruptured,  and  be  then  treated  with  dilute  sulphuric  acid,  it  is  converted  into 
sugar.  This  change  is  effected  in  the  Vegetable  economy  by  the  operation 
of  a  secretion  called  diastase  ;  which  seems  to  be  formed  for  the  express 
purpose,  and  which  may  be  obtained  in  a  separate  state  most  readily  from 
the  neighbourhood  of  the  eyes  or  buds  of  the  potatoe.  It  is  stored  up  in 
that  situation,  for  the  purpose  of  being  conveyed,  by  the  vessels  connected 
with  the  bud,  into  the  substance  of  the  tuber,  when  the  demand  for 
nutrition  is  occasioned  by  the  development  of  the  shoot ;  and,  in  the 
laboratory  of  the  experimenter,  it  produces  exactly  the  same  effects  as  in 
the  Vegetable  economy.  It  is  probable  that  the  secretion  of  diastase  takes 
place  in  every  instance,  in  which  fecula  previously  deposited  is  to  be 
reabsorbed. 

404.  The  membrane  of  which  the  organised  tissues  of  Vegetables  are 
composed,  has  been  found,  in  every  instance  in  which  it  has  been  freed 
with  sufficient  care  from  the  products  of  secretion  that  are  frequently 
deposited  in  the  cells  and  tubes,  to  be  nearly  identical  in  composition  with 
Starch.  This  cellulose  (as  it  has  been  termed)  consists  of  about  7  atoms 
of  carbon  with  8  of  water ;  it  mav  be  converted  into  a  substance  resem- 
blmg  Gum,  by  admixture  with  strong  sulphuric  acid ;  and,  on  boiling  the 
liquid  for  some  time,  the  gum  disappears,  and  a  saccharine  principle  is 
generated.  It  is  interesting  to  remark  the  difference  of  properties  here 
given  by  a  different  arrangement  of  the  molecules  of  the  organisable  sub- 
stance, with  scarcely  any  change  in  its  chemical  constitution ;  and  it  may 
be  also  noticed  that,  in  many  respects,  the  envelope  of  the  granules  of 
starch  may  be  considered  as  a  half-formed  membrane.  The  composition 
of  the  whole  tissue,  when  submitted  to  analysis,  will  of  course  depend  in 
part  on  the  nature  of  the  secreted  products  deposited  in  it.  The  substance 
termed  liffnin,  which  gives  density  to  the  woody  tubes,  is  generally  mixed 
in  that  situation  with  other  secretions  ;  but  it  appears  to  be  almost  identi- 
cal, tn  its  purest  form,  with  the  sclerogen,  which  frequently  consolidates 
cellular  tissue  (§  26).  The  wood  of  Oak  and  Beech,  containing  a  deposit 
of  this  kind,  was  found  to  consist  of  about  9  carbon,  6  Yiy^o^cci,  «xA 
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5  oxygen ;  so  that  the  deposit  must  contain  a  considerably  la^r  pro 
tion  of  hydrogen,  than  would  form  water  with  oi^gen ;  as  well  a 
carbon  than  exists  in  the  substances  already  considered.  This  last  E 
accounts  for  the  influence  of  light  upon  the  density  of  wood  ; 
be  subsequently  mentioned  (§  -l-IO),  it  is  under  that  stimulus  alone,  that  H 
fixation  of  carbon  from  the  atmosphere  can  talie  place.  Hence  it  is  that 
the  wood,  not  only  of  different  kinds  of  trees,  but  of  different  individuak  of 
the  same  species,  differs  so  much  in  density.  It  is  well  known  that,  for 
toughness  and  durability,  the  stems  which  have  grown  in  exposed  situa- 
tions, though  stunted  and  irregular,  are  much  superior  to  those  which  hate 
been  lusuriantly  develoj>ed  in  close  and  shady  woods.  Homer  tells  us  thiit 
the  heroes  of  old  used  to  cut  the  wood  for  their  spears  from  trees  growing 
in  exposed  situations  ;  and  a  recent  traveller  in  Holland  mentions  that  the 
beeches  growing  in  thick  groves,  so  close  together  as  to  exclude  erery  r»y 
of  the  sun,  as  well  as  to  impede  the  action  of  the  atmosphere,  are  good  for 
nothing  but  fire-wood  ;  the  trunks  riving  and  splitting  in  everv  directiuB, 
when  brought  out  of  the  forest. 

405.  It  has  been  already  stated  {§  2-1)  that  all  the  Vegetable  tissoa 
may  be  regarded  as  taking  their  origin  from  the  Cellular;  since  this  ap- 
pears to  be  the  only  one  existing  in  the  germs  and  first-formed  structures, 
even  of  the  most  highly-organised  plants.  Although  at  a  late  period, 
therefore,  it  would  seem  to  be  a  general  law  that  each  tisane  is  dei-cloptJ 
in  connection  with  one  similar  to  it,  this  does  not  prevent  testurw 
apparently  heterogeneous  from  being  evolved  from  those  which  weru 
previously  simple  and  uniform,  since  they  are  all  but  modifications  of  one 
another.  For  the  development  of  cellular  tissue  to  any  extent,  a  single 
original  vesicle  seems  all  that  is  required,  A  most  remarkable  instance  of 
its  rapid  growth  has  aheady  been  mentioned  (§  273)  ;  and  although 
amongst  flowering  plants  there  is  not  the  same  proportional  multiplicatian 
of  ceUs,  yet  their  number  ia  often  very  quickly  increased.  Thus,  the  lesf 
of  the  Urania  »pecioaa  (one  of  the  Banana  tribe)  has  been  known  to 
lengthen  four  or  five  inches  in  one  day,  the  vesicles  being  developed  »1 
the  rate  of  about  4000  or  5000  per  hour.  The  evolution  of  new  cells  st 
the  extremities  of  those  previously  existing,  may  he  easily  watched  in  the 
Ckara  tribe ;  where  they  are  arranged  in  single  rows,  so  as  to  constitute 
the  tubular  filaments  of  which  those  plants  are  composed.*  The  circula- 
tion of  fluid  which  has  been  obsen'cd  in  the  separate  cells  of  the  Charaeea, 
as  well  as  in  other  Plants,  secma  undoubtedly  connected,  not  only  with  the 
nutrition  of  the  individual  vesicle,  but  with  the  development  of  that  which 
is  taking  its  origin  from  it.  Each  joint  (Tig.  55)  consists  of  a  single  cell 
composed  of  a  membranous  envelope,  within  which  is  arranged  a  layer  of 
green  granules  covering  every  part,  except  two  longitudinal  lines'lhat 
remain  nearly  colourlcas.   During  the  healthy  state  of  the  plant,  a  conslaoi 

•  Nouv.  Ann.  da  Musfif,  torn.  i. 


motion  of  the  semi-fluid  matter,  contnining  numerous  jelly-like  globules,  is 
seen  to  take  place  within  this  green  layer;  the  eurrent  passing  up  one  side, 
changing  its  directiou  nt  the  extremity,  and  flowing  down  the  otlier, — tlie 
ascending  and  descending  streams  lieing  hounded  by  the  transparent  lines 
jnst  mentioned.  These  lines  appear  to  result  from  the  adhesion,  at  those 
points,  of  an  internal  membranous  sac  to  the  outer  enyelnpe;  and  the  space 
between  the  inner  and  oiiter  reaiclc  will  thus  be  divided  into  two  cavities, 
which  communicate  with  each  other  at  the  ends  of  the  cell.  An  ima^nary 
transverse  section  of  one  of  these  tubes  (Fig.  S,5,  a)  will  illnstrate  this 
curious  structure ;  a,  a,  being  the  outer  envelope,  fi,  b,  the  layer  of  green 
granules,  e,  e,  the  internal  sac  adhering  to  the  outer  one  at  d,  il,  and  leav- 
ing the  spaces  e,  e,  within  which  the  fluid  eircidates.  The  globules  are  of 
various  sizes,  being  sometimes  very  small  and  of  definite  figure,  and  some- 
times  existing  as  large  irregular  masses,  which  ajipear  to  be  formed  by  a 
miion  of  smaller  ones.  There  is  Uttle  doubt  that  the  layer  of  granides  is 
formed  by  the  adhesion  of  some  of  the  circulating  globules  to  the  outer 
membrane  and  to  each  other,  since  they  are  always  found  to  correspond 
sely  in  size.  Thus,  at  b  are  seen  the  globules  floating  in  their  fluid, 
1  at  c  is  shown  their  regidar  disposition  when  lining  the  cell.  It 
itcely  seems  unhkely  that  during  their  circulation  they  undergo  those 
mges,  which  take  place  on  a  larger  scale  in  the  ingredients  of  the  general 
Bulating  fluid  of  vascular  plants,  becoming  gradually  organised  by  tlieir 
lation  with  the  living  structure  which  envelopes  them  ;  and  that  the 
een  layer  b  the  intermediate  condition  between  the  first  formation  of 
sable  products,  and  their  conversion  into  the  actual  tissue  of  the 
D.  No  passage  of  fluid  from  one  cell  to  another  ever  seems  to  take 
bee ;  and  if  a  long  tubidar  vesicle  be  divided  by  a  hgature,  a  separate 
Dvement  is  seen  in  each  of  the  divisions.  The  globules  efliised  from  a 
It  cell  have  themselves  a  spontaneous  motion. 

406,  Although  this  circulation  has  been  most  attentively  watched  in 
K  plants  of  the  Chara  trihe,  ia  which  the  cells  are  so  large  as  to  exhibit 
in  a  very  evident  manner,  it  b  by  no  means  confined  to  them,  since  it 
IS  been  observed  in  the  individual  vesicles  forming  the  hairs  and  other 
■nsparent  parts  of  higher  plants  ;  and  it  might  probably  be  detected  at 
nue  period  of  the  growth  of  every  vesicle  whose  situation  permits  it  to  be 
Uched,  since  it  seems  closely  connected  with  the  nutrition  of  the  indivi- 
Hkl  cell,  and  the  production  of  new  ones  from  it.  Thus,  the  transparent 
Htlea  at  the  foot  of  the  leaf-stalks  of  the  llydrockaris  mortus-rante  or 
Og-bit,  a  common  aquatic  plant,  exhibit  precisely  analogous  phenomena 
I  their  individual  cells,  though  the  presence  of  an  internal  membrane  is 
t  quite  80  evident ;  and  the  same  may  he  observed  in  a  section  of  its 
an, — the  motion  being  for  a  time  checked  by  the  violence,  but  soon 
oovering  itself  in  the  cells  which  have  not  been  injured,  if  the  portion 
e  immersed  in  water.      In  the  beaded  hairs  of  the  Trorfescautitt  cirginico. 
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or  Virginian  spider-wort,  a  simikr  circulation  may  be  easily  witnes 
us  well  as  in  the  elongated  cella  which  sometimes  «ngly  form  hairs, 
the  Pentttemoa ;  and  in  the  transparent  radical  fibres  of  Marchantis, 
Mosses,  &c.  This  movement  of  fluid  in  the  individual  c«Us  must  not  be 
confounded  with  the  general  circulation  of  the  plant,  as  it  is  perfectly 
distinct  both  from  the  ascent  of  the  sap  in  the  vessels  of  the  stem,  and 
from  the  distribution  of  the  elaborated  fluids  by  their  passage  through 
their  special  canals,  as  already  described  (§  330,  1),  Where  each  cell 
elaborates  its  own  nutriment,  as  in  the  Chora,  it  is  more  distinct,  and 
probably  takes  place  with  greater  energy,  than  in  those  which  are  supplied 
with  fluid  that  has  already  been  partly  assimilated.  Little  granules  are 
seen  adherent  to  the  walls  of  most  vesicles  of  cellular  tissue ;  and  when  the 
membrane  is  ruptured  by  violence,  and  they  are  effused  into  water,  they 
are  seen  to  have  a  spontaneous  motion  like  that  of  the  globules  of  the 
Chara.  To  what  this  motion  is  owing,  it  is  as  yet  impossible  to  deter- 
mine ;  hut  similar  phenomena  will  be  shown  to  occur  in  regard  to  the 
granules  contained  within  the  poUen-grains,  which  are  probably  to  be 
regarded  as  the  germs  of  new  Plants  (§  599)  ;  and  also  in  some  of  the 
Animal  fluids  which  contain  globules  (%  423). 

407.  The  question  which  next  presents  itself,  therefore,  is  the  mode  in 
which  cellular  tissue  first  originates.  Until  recently,  this  was  iuTo]v«l 
in  the  most  profound  obscurity  ;  hut  some  hght  has  been  shed  upon  it  fay 
late  microscopical  observations,  although  these  are  not  yet  by  any  mewis 
sufBcient  to  explain  the  whole  process.  The  most  definite  statements  on 
the  subject  are  tliose  of  Schleiden,  whose  enquiries  on  various  difficult 
questions  in  Vegetable  Physiology  have  been  attended  with  much  success; 
but  in  considering  his  account  of  the  process  under  discussion,  it  will  be 
necessary  to  bear  in  mind  the  distinction  between  the  facts  observed,  and 
the  inferences  deduced  from  them.  Moreover,  it  should  he  stated  at  the 
outset,  that  his  observations  have  been  made  almost  exclusively  upon 
Phftuerogamia,  and  chiefly  upon  two  parts, — the  large  cell  or  embryonal 
SHc  of  the  unimpregiiated  ovule,  in  which  the  albumen  is  afterwards 
formed, — and  the  end  of  the  pollen-tube,  from  which  the  cells  of  tlu 
embryo  itself  are  developed  (§  599).  They  do  not  correspond 
known  facts  in  regard  to  Cryptc^mi 
need  great  modification,  before  they  ca 
As  they  are  the  best,  however,  which 
them  will  now  he  given. 

408.  The  embryonal  sac  just  mentioned,  contains,  when  first  develi 
a  consistent  gummy  fluid  slightly  wanting  in  transparency ;  and  the 
perceptible  stage  of  organisation  is  the  appearance  in  this  fluid  of  a  quan- 
tity of  extremely  minute  granules,  which  render  it  opalescent,  or  even  almost 
opaque.    Single,  larger,  and  more  sbarply-defined  granules  are  next  evi 

in  this  mass ;  and  very  soon  afterwards,  these  present  n  regular  form. 


;  and  it  is  probable  that  they  Hi 
1  be  received  as  general  statemeo 
we  at  present  possess,  a  summary  ■ 
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e  considerably  in  size,  apparently  from  the  coagiJstion  of  the  minuter 
mules  around  the  lai^r  ones.     On  these  bodies,  which  are  usually  flat- 
r  tened,  and  of  an  oval  or  circular  figure,  the  cella  nest  begin  to  make  their 
I  Appearance.     A  delicate  transparent  vesicle  is  seen  on  the  surface  of  each 
'  body,  in  the  form  of  a  flat  segment  of  a  sjihere,  whose  plane  side  it  furnishes, 
and  which  is  applied  to  it  as  a  watch-glass  to  the  dial  of  a  watch.     The 
space  between  the  two  is  perfectly  clear,  and  appears  filled  with  aqueous 
fluid.     Externally  the  convex  membrane  is  in  contact  with  the  mucous 
granules  of  the  surrounding  fluid,  which  are  pressed  back  by  its  expansion. 
The  appearance  at  this  period  is  represented  in  Fig.  239.     If  the  fluid  he 
shaken,  the  vesicles  dissolve  away,  leaving  only  the  granular  hodiea  on 
which  they  are  formed.     As  the  process  of  formation  advances,  the  vesicle 
gradiially  extends,  and  becomes  more  consistent ;  and  at  last  it  becomes  so 
large,  that  the  granular  body  appears  merely  as  a  spot  upon  its  side  (Fig. 
240).    Sometimes,  even  at  this  stage,  the  cell  dissolves  awav,  and  its  mate- 
rials are  reabsorbed ;  but  in  general  it  remains  persistent,  and  its  membrane 
gradually  acquires  the  firmness  characteristic  of  the  perfect  structure.    The 
granular   bodies   then   frequently  disappear ;   sometimes,  however,  as  in 
Urehiilem  and  Cnctea,  a  considerable  part  of  the  cellular  tissue  exhibits 
ihem  during  the  whole  of  hfe.     Here  they  were  long  ago  observed  by 
lirown,  who  gave  them  the  name  of  miclei.    They  may  be  easily  seen,  also, 
in  the  cells  of  many  hairs,  especially  in  those  which  exhibit  a  circulation 
of  fluid  i  and  it  is  a  curious  fact  that,  in  aU  such,  the  streams,  however 
complicated  their  distribution,    always   proceed  from   and  return  to  the 
nucleus. 
409.    It  is  considered  by  Schleiden  that  the  formation  of  the  cell  is  due 
I    B  the  nncleus ;  and  hence  he  has  given  it  the  designation  of  eytobla*t 
I  {nroc,  cell,  ;3Xaffroc,  germ).     The  ordinary  disappearance  of  this  at  a 
I  labseqnent  time,  he  regards  as  consequent  upon  its  havmg  fulfilled  its 
I  fbctions.     He  has  observed  some  other  phenomena,  however,  which  cor- 
I  twjiond  better  with  a  different  view  (presently  to  be  mentioned)  of  the 
I  Mlure  of  the  cytoblast ;  and  a.s  the  use  of  the  name  involves,  to  a  certain 
■  degree,  his  idea  of  its  application,  it  may  be  preferable  to  return  to  the 
I  term,  nucleus,  whicli  is  free  from  any  such  connected  idea.     In 
le  nucleus  an  appearance  is  frequently  seen,  which  indicates  the  presence 
ir  more  very  small  cells,  whose  size  varies  from  half  its  own  diameter 
tothe  minutest  point  not  admitting  of  measurement  (Fig.  239,  c).     These 
cflls  have  been  termed  nudeoli,  and  have  been  imagined  by  Schleiden  to  he 
Ite  original  nuclei  of  the  cytoblast ;  but  for  such  an  opinion  there  would 
«ein  to  be  no  valid  foundation.     From  Dr.  Barry's  late  researches  in 
Embryology,  of  which  an  account  will  be  given  in  the  proper  place  (chap. 
xiii.),  as  well  as  from  various  other  researches  upon  the  development  of 
,  the  Animal  tissues  (§  428-.13),  it  appears  likely  that  with  the  formation 
lif  the  primary  cell,  the  so-called  cytoblast  has  nothing  to  i\o  ■,  aii4ft\aV,an 


far  from  tcntuDating  witli  its  production,  its  functions  only  commence  U 
that  period.  The  following  may  perhaps  be  regarded  aa  nearer  to  the  real 
history  of  the  development  of  Vegetable  cellular  tissue.  The  granules  first 
risible  in  the  gummy  fluid  are  all  (like  those  of  Red  Snow  §  !ll,  or  Yeast' 
Plant  §  98,  or  those  contained  in  the  spores  or  pollen-grains  of  higher 
Plants  §  593)  germs  of  new  cells,  capable  of  becoming  developed  ialo 
organised  tissue.  Some  of  these,  more  advanced  than  the  rest,  attract  the 
smaller  ones  around  them,  and  include  them  between  the  waUs  of  the  cells 
to  which  they  themselves  give  orig^.  From  the  granules  composing  tlie 
nucleus,  then,  a  second  generation  of  celb  subsequently  originates  ;  and  ii 
is  in  the  incipient  derelopment  of  some  of  these,  that  the  nucleoli  make 
their  appearance.  When  the  whole  of  the  granules  of  the  nucleus  luvc 
given  origin  to  new  ceUs,  (of  which  it  is  likely  that  many  at  first  produmd 
are  not  developed,  but  disappear  by  Uquefaction,  as  in  Animals  §  430,)  it 
will  of  course  be  no  longer  risible ;  and  hence  it  may  he  that,  in  the  activdj- 
growing  parts  of  the  higher  Plants,  the  nucleus  is  rarely  to  be  seen  in  the 
fully-formed  cell.  Another  reason,  however,  may  be  assigned.  It  has  bna 
already  mentioned,  that  a  large  number  of  minute  granules  are  frequenlif 
seen  adhering  to  the  walls  of  cells ;  these  are  found,  by  the  appticatioD  rf 
iodine  (by  which  they  are  turned  blue)  under  the  microscope,  to  couMl 
of  starch  ;  and  they  closely  correspond  in  the  manner  of  their  formaliini 
and  in  their  general  condition,  with  the  reproductive  granules  of  the  cells  of 
Confervffi  (5  S94),  as  weU  as  with  those  of  special  ceUs  (polten-grmns)  in 
other  plants.  It  will  be  shown  that  the  latter  are  the  germs  of  new  celltj 
and  it  would  seem  not  improbable  that  the  former  are  so  likewise,  differiii|i 
from  the  granules  composing  the  nucleus,  in  little  else  than  In  their  separate 
condition.  Now  it  will  presently  appear,  that  in  Animals  the  germs  of  nw 
cells  are  sometimes  concentrated  in  one  spot  on  the  walls  of  the  parent  cell, 
forming  a  nvclevs,  and  are  sometimes  diffused  over  its  interior  aurfite.  I 
There  is  strong  ground,  therefore,  for  the  belief  that  the  same  is  the  aX  ' 
in  Plants ;  and  that  this  diffused  condition  may  result,  either  from  tlie 
separation  of  the  granules  which  once  composed  a  nuelens,  or  from  ik 
want  of  any  such  concentration  in  the  original  formation  of,  the  cell. 

410.  It  has  been  justly  remarked  by  Schleiden,  that  every  cell  le»da 
a  double  liie ; — an  entirely  independent  one,  belonging  to  its  own  develop- 
ment ; — and  an  incidental  one,  so  far  as  it  has  united  with  others  to  becoint 
the  constituent  part  of  a  Plant.  In  the  lowest  tribes  of  Algee  and  Fuu^ 
we  find  these  two  conditions  united ;  single  ceUs  being  in  themselves  pos- 
sessed of  the  power  of  maintaining  the  Ufe  of  the  species,  as  well  as  tlieit 
own  independent  vitahty ;  or,  in  other  words,  the  plant  consists  of  bul 
a  single  cell,  or  is  at  least  capable  of  eristing  as  such.  This  is  the  case, 
for  example,  in  the  Red  Snow  (§  91)  ;  of  which  the  cells  may  be  stud  W 
possess  a  complete  individuality,  each  being  capable  of  performing  all  the 
changes,  essential  to  the  maintenance  of  its  existence,  and  to  the  continuance 


of  its  race,  Tbey  are  brought  into  some  degree  of  connection,  liowever, 
by  the  mass  of  gelatinous  matter  on  which  they  rest.  The  presence  of  this 
may  be  observed  as  a  kind  of  slime,  before  any  distinct  traces  of  organisa- 
tion appear ;  and  it  may  be  regarded  as  standing  in  the  same  relation  with 
the  aubsequently-formed  cells,  as  the  organisable  gummy  fluid  of  which  we 
have  already  spoken,  with  the  cells  of  higher  Plants.  This  sUmy  substance 
{which  bas  been  called  pkijcoinater)  continues  to  exist,  in  the  simpler  Algte, 
during  the  whole  hfe  of  the  cells ;  and,  when  new  ones  are  formed  by  the 
rupture  of  the  parent  vesicle,  it  appears  to  supply  them  in  part  with  their 
means  of  nutriment.  On  the  degree  in  wliicli  the  isolated  cells  are  im- 
bedded in  it  and  connected  by  it,  generic  distinctions  have  been  founded. 
Now,  if  we  ascend  to  the  higher  forms  of  Algse,  we  shall  find  that  the 
mdii-idiml  plants  gradually  become  more  complex  in  structure ;  and  that 
they  are  composed  of  an  a^;regation  of  cells  having  different  offices  in  the 
rita]  economy  ;  so  that  here  the  difference  between  the  independent  life  of 
the  cell,  and  its  life  as  a  member  of  the  general  association,  be^s  to  mani- 
fest itself.  As  yet,  however,  independent  life  predominates  over  the  com- 
pound functions  of  the  aggregate;  and  the  cells  are  not  closely  united,  bat 
are  stiU  separated  by  the  organic  mucus,  which  has  often  a  considerable 
thickness.  In  the  higher  Plants,  on  the  other  hand,  the  process  of  orga- 
nisation advances,  so  as  to  exhaust  more  of  Ibis  substance,  and  to  bring  the 
cells  into  closer  contact  with  each  other.  Still,  however,  some  traces  of  it 
may  often  be  found ;  and  it  thus  constitutes  an  tnlercellular  substance, 
which  may  sometimcB  be  perceived  filling  up  interstices  between  the  walla 
of  cells,  and  serving  to  unite  them  together.  !n  some  plants  even  among 
the  higher  Phancrogamia,  as  the  Magnolia,  Laurel,  Aloe,  &c.,  its  thickness 
IB  one-third,  or  even  two-fifths,  of  the  diameter  of  the  cells.  The  most 
inarkable  instance  of  its  presence,  however,  is  the  delicate  peUicIe,  which 
rers  the  true  cuticle,  probably  in  all  plants ;  and  which  is  even  found  on 
bmei^d  surfaces,  on  which  no  true  cuticle  exists.  A  similar  intercellular 
bitance  may  be  detected  in  some  Animal  tissues,  especiaUy  the  cartila- 
lous,  of  which  it  forms  a  large  proportion  during  the  early  period  of  its 
iralopment  {%  45). 

41 1.  It  has  been  already  remarked  that  Cellular  tissue  is  the  moat  rapid 
its  growth  of  all  the  Vegetable  structures ;  and  this  corresponds  with 
It  we  have  formerly  had  occasion  to  notice, — that  there  is  an  antagonism 
a  the  processes  of  individual  change,  and  of  the  production  of  new 
3  (5  73).  The  cells  which  have  undergone  transformation  into  woody 
,  ducts,  spiral  vessels,  &c.,  do  not  appear  to  have  any  reproductive 
sr;  they  lose  it  in  the  progress  of  their  individual  development.  On 
t  other  hand.  Cellular  tissue,  as  long  as  it  remains  in  the  genera!  current 
irital  activity,  is  continually  increasing  by  the  multiphcation  of  its  vesicles. 
>  multiplication,  however,  does  not  seem  always  to  take  place  in  the 
The  formation  of  new  ceils  from  the  exterior  of  the  old 
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ones  in  the  Cbara  has  already  been  noticed  ($  -105).  In  the  ConfeiTte  it 
liaa  long  been  remarked,  that  the  elongation  of  the  filaments  is  produced 
1)T  tlie  Bubdivision  nf  the  terminal  cell  into  two,  by  a  septum  which  fonni 
across  it ;  and  that  the  last  of  these  undergoes  in  its  turn  a  similar  diTi»ai). 
This  apparent  division  of  the  carity  of  the  cells,  by  the  extension  of  sept* 
inwards,  was  supposed  hy  Schleiden  to  be  owing  to  the  development  of  two 
young  ceils  within  a  parent  cell,  so  that  their  walls  come  ia  contart  in  the 
middle;  but  Meycn's  recent  observations*  appear  to  prove,  that  such  » 
partitioning  of  cells  by  the  growth  of  septa  really  takes  place,  even  in  ihi: 
higher  Plaats.  The  formation  of  the  spiral  fibre,  characteristic  of  many 
kinds  of  Vegetable  tissne,  commences  at  a  time  subsequent  to  the  eomplde 
development  of  the  membranous  wall  of  the  cell ;  and  it  may  perhaps  be 
regarded  as  not  very  diflferent  from  the  other  deposits  which  the  cell-w»lla 
receive  (§  26).  On  the  other  hand,  the  Woody  fibres,  which  are  diatinctl; 
elongated  cells,  are  not  improbably  develo[)ed  in  bundles  within  the  panul 
cell,  taking  their  origin  in  the  cell-germs  which  it  contains, — as  in  the  cue 
of  the  fibrous  structure  of  the  feather  (§  -13),  Of  the  development  of  ^ 
other  Vegetable  tissues  from  the  cellular,  a  general  account  has  already 
been  given  (§  70). 

■112.  The  details  just  given  of  the  mode  of  increase  observed  in  the 
development  of  cellular  tissue,  express  nearly  all  that  is  certmnly  known 
of  the  processes  of  nutrition  in  the  lower  Cryptogamia.  It  may  be  added, 
however,  that  many  Fungi  exhibit  a  circular  growth  in  concentric  ritigi, 
owing  to  the  exhaustion  of  the  nutriment  from  the  soil  on  which  they  vege- 
tate, and  the  conaetiuent  death  of  the  central  first-formed  portions,  whilst 
the  edges  continue  to  extend  over  new  spaces.  This  is  the  method  in  which 
fairy  ring*  are  produced.  It  is  generally  found  that,  when  the  vesicles 
are  regidar  in  shape,  their  increase  takes  place  equally  in  all  directions ; 
whilst,  if  they  be  of  a  piulonged  form,  the  new  cells  are  developed  from 
their  extremities.  This  is  equally  true  of  the  cellular  tissue  of  Vasculsf 
plants  ;  for,  wliilst  that  which  is  mixed  with  the  wood  and  forms  a  laij^ 
part  of  the  hark  has  a  tendency  to  lengthen  vertically,  those  of  which 
the  medullary  rays  are  composed  are  necessarily  extended  in  a  horizont*! 
direction,  to  maintain  that  communication  between  the  centre  and  circum- 
ference of  the  stem,  which  would  otherwise  be  cut  off  by  its  increase  b 
diameter.  As  to  the  situation  in  which  woody  fibre  is  produced,  there  is » 
considerable  difference  of  opinion  amongst  Vegetable  physiologists.  Betwetn 
the  last  layers  of  wood  and  bark  b  Exogens  there  is  formed  every  yeu 
from  the  descending  sap  a  glutinous  secretion,  termed  the  cambium,  whid 
exhibits  traces  of  incipient  cellular  organisation.  After  a  time,  parallel 
rows  of  woody  fibre  are  found  iu  this  situation,  intermixed  with  ccllulif 
tissue ;  and  these  subsequently  divide  into  two  distinct  layers,  of  which  one 
Ibrms  the  outer  ring  of  alburunm,  whilst  the  other  constitutes  the  iulerior 
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lamina  of  the  bork  enreloping  it.  These  remain  in  contact  until  the  new 
formation  of  cambium  in  the  siicceciliug  year.  It  is  the  opinion  of  many 
physiologists  that  the  woody  fibre,  as  well  as  the  eclliilar  tissue,  is  formed 
out  of  the  cambium  ;  bnt  there  are  many  reasons  which  seem  to  render  this 
opinion  untenable.  The  most  consistent  account  of  its  development  is  that 
^Ten  by  Du  Petit  Thouars,  who,  followed  by  Lindley,  regards  the  fibrous 
tissne  as  formed  in  the  leaves  and  growing  downwards  from  them  into  the 
ounbiom,  just  as  the  roots  are  prolonged  into  the  soil.  This  view  would 
Uken  the  woody  fibres  to  the  roots  of  the  buds  ;  and  such  a  comparison, 
though  at  first  sight  improbable,  is  fully  borne  out  by  facts  of  no  unfre- 
i)uent  occurrence.  Thus,  it  often  happens  that  a  stem  dies,  whilst  some  of 
the  buds  upon  it  continue  to  vegetate,  and  send  down  woody  bundles  iu 
the  usual  situation,  which,  afler  reaching  the  ground,  form  true  roots.  A 
graA,  even,  has  tlius  maintained  its  existence  after  the  death  of  the  stock, 
completely  enveloping  the  latter  iu  the  wootl  it  has  formed.  Again,  in 
Endi^cns,  where  there  is  no  bark  or  cambium,  the  woody  fibres  may  be 
traced  from  tlte  leaves  into  the  ci^utre  of  the  stem.  It  is  difficidt,  there- 
fore, to  resist  the  conclusion  that  this  tissue  is  organised  in  the  leaves, 
although  it  may  derive  the  means  of  increase  from  the  nutritious  juices 
whtcfa  it  traverses  iu  its  descent.  It  is,  then,  from  the  growth  of  this 
structure,  that  the  roots  are  developed,  and  the  longitudinal  increase  given 
to  the  stem  ;  whilst  the  cellular  portion  of  the  stem,  from  "which  the  buds 
take  their  origin,  is  capable  of  extension  in  any  direction,  aud  of  thus 
modadng  itsell'to  the  distribution  of  the  woody  bundles. 
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413.    In  tracing  the  gradual  conversion  of  the   alimentary  materials 
ii^ested  by  Animals,  into  the  organised  structures  which  compose  their 
bbric,  it  is  advantageous,  as  in  the  case  of  Vegetables,  to  study  in  the  first 
instance  the  cases  in  which  the  different  changes  are  most  widely  separated 
from  each  other.     The  most  attentive  observation  of  the  Ufe  of  the  Sponge 
TOnld  probably  never  reveal  much  more  than  is  at  present  known,  respect- 
ing the  nutrition  aud  growth  of  its  tissues ;  whilst,  on  the  other  hand,  the 
function  which  there  appears  so  simple  is  shown,  when  we  turn  to  the 
'^B^xi  classes  of  Animals,  to  be  one  in  which  several  distinct  stages  mav 
k  traced.     The  general  facts  relating  to  the  solution  and  reduction  of  the 
by  the  process  of  diffeifion  have  been  already  slated  (§  301 — 6) ;  but 
h  now  to  be  enquired  what  is  the  precise  change  eifected  in  its  con- 
parts,  and  what  new  prodncts  are  found  in  the  Cht/me  which  is  the 
It  of  these  actions.     Although  the  chyme  is  usually  homogeneous,  and 
ilats  httle  or  no  trace  of  the  character  of  the  food  which  has  been  swal- 
liimd  (unless  it  contain  absolutely  insoluble  matter),  it  is  not  identically 
whaleier  be  the  nature  of  the  aliment,  as  some  have  mBinXMnei. 
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The  characteristic  ingreciient  of  it  is  always,  howerer,  the  prvtimati 
ciple  (5  20),  or  organiaah!e  product  (5  395),  termed  Albumen ; 
appears  to  hold  the  same  place  in  the  Animal  economy  with  Gam 
Vegetable ;  being  the  material  at  the  expense  of  which  most,  if  not  bH,  of 
the  other  products  are  formed.  It  is  that  which  is  stored  up  in  the  e^  by 
the  parent,  for  the  nutrition  of  the  embryo, — composing  a  large  part  of  ttie 
yolk,  and  existing  neariy  pure  in  the  vihite,  which,  therefore,  affords  ns  mi 
opportmiity  of  studying  its  properties. 

414.  Albumen  appears  to  consist  of  8  eq.  of  carbon,  7  eq.  of  hrdrn^n. 
3  eq.  of  oxygen,  and  I  eq.  of  nitrogen ;  and  it  may  be  probably  regarded  »* 
the  least  azotised  of  the  materials  of  the  animal  tissues.  Its  characteristic 
property  is  that  of  coagulating  by  heat,  acids,  electricity,  &c.  A  tem- 
perature of  about  150°  converts  the  transparent,  semi-ftoid  mass,  into  a  finn 
white,  semi-opake,  and  somewhat  elastic  substance,  which,  when  cautioudy 
dried,  shrinks  up  and  assumes  the  appearance  of  horn.  In  its  flirid  con- 
dition, Albumen  is  soluble  in  water,  if  combined,  as  it  always  ia  in  nature. 
with  a  small  qnantity  of  soda ;  but  after  coagulation  it  no  longer  postesca 
this  property,  so  that  a  turbidity  is  produced  hy  heat  in  a  solutiou  conuuiv 
ing  only  a  thousandth  part  of  albumen.  A  substance  much  resembling  il, 
both  in  chemical  constitution  and  the  power  of  coagulation,  is  founJ  in 
some  vegetables,  especially  in  seeds.  But  the  Albumen  of  chyme  does  ool 
exist  in  precisely  the  same  condition ;  since  white-of-egg,  taken  into  (hi; 
stomach,  is  found  to  undergo  important  changes  in  the  process  of  digcstiim. 
It  ia  first  coagulated  by  the  action  of  the  gastric  juice,  of  which  the  aciil 
appears  to  be  the  essential  ingredient  in  this  process.  The  curdy  nmit 
assumes  a  gelatinous  appearance ;  and,  by  the  combination  of  the  mecli»u- 
cal  and  chemical  powers  of  the  stomach,  it  is  gradually  converted  int«  a 
fluid  which  subsequently  becomes  chyme.  Although  still  Kosting  as  Albu- 
men, it  is  now  incapable  of  coagulating  firmly;  and  it  thus  differs  essen- 
tially from  that  which  is  met  with  elsewhere.  According  to  Dr.  Frout,  iD 
the  materials  which  sene  as  aliment  to  Animals,  are  converted  by  lb» 
digestive  process  into  compounds  of  an  albuminaat  or  an  oleaginous  nattiR. 
The  former  is  always  present  in  the  contents  of  the  stomach,  when  cbt 
food  has  been  composed  of  similar  elements  ;  but  if  it  have  been  of  a  V^ 
table  character,  the  Albumen  more  resembles  that  found  in  Plants  thu 
the  true  Animal  principle.  After  the  products  of  digestion  have  baa 
submitted  to  the  action  of  the  bile  and  pancreatic  fluid,  however,  trn» 
Albumen  is  always  distinctly  present.  Many  forms  of  vegetable  aliment 
which  are  composed  of  substances  alUed  to  sugar  in  their  compositiM 
(hence  termed  by  Dr.  Prout  the  saccharine  group),  appear  to  be  converted 
during  digestion  into  an  oily  matter,  which  is  a  constant  ingredient  of  chjW 
but  which  seems  to  be  partly  changed,  before  entering  the  general  currwl 
of  the  circulation,  into  other  principles.  Although  Albimien,  in  ils  un- 
coagiUatcd   state,    is  perfectly  homogeneous,   globules   arc  found  iu  tbf 
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neighbourhood  of  the  positive  pole,  when  it  ia  being  coagulated  by  elec- 
tricity ;  and  a  similar  character  may  he  traced  in  white-of-ogg,  when  dried 
in  a  thin  layer,  aa  well  as  in  other  olbuniiuous  fluids.  It  is  not  surprising, 
therefore,  that  globules  should  exist  abundantly  in  the  fluid  part  of  the 
chyme ;  and  their  presence  can  scarcely  be  regarded  as  a  proof  of  the 
rilalisirtff  powers  of  the  stomach,  since  it  may  be  doubted  whether  albumen 
can  exist  pure  (that  is,  uncombincd  with  tlie  alkah  which  ordinarily  keeps 
it  in  solution,)  under  any  other  form.  The  corpuselea  of  the  blood  are  quite 
distinct  from  these,  possessing  a  definite  structure,  as  well  as  peculiar  vital 
properties. 

415.  The  change  which  the  chyme  undergoes  in  the  diwdmnim  fthe  first 
portion  of  the  intestine  leading  from  the  stomach)  appears  firincipally  due 
to  the  admixture  of  the  secretions  there  poured  into  it,  whose  effect  has 
been  already  described  (§  306).  The  milky  fluid  which  is  thus  separated 
and  taken  up  by  the  absorbents,  ia  termed  Chyle ;  and  it  differs  in  many 
important  particulars  from  the  first  product  of  digestion.  These  differences, 
however,  become  more  decided  in  proportion  to  the  part  of  its  course  in 
which  we  examine  it ; — the  properties  of  the  fluid  drawn  from  the  lacteals 
near  their  origin  being  allied  to  those  of  the  contents  of  the  duodenum ; — 
whilst  the  characters  of  the  chyme  drawn  from  the  thoracic  duct  more 
resemble  those  of  the  blood.  This  change  is  evidently  analogous  to  that 
which  has  been  already  noticed  (§  397)  as  occiirring  in  the  ascending  sap 
of  Vegetables.  The  chemical  constitution  of  the  Chyle,  as  well  as  its  degree 
of  turbidity,  depend  in  part  upon  the  character  of  the  food ;  the  latter 
being  principally  due  to  the  admixture  of  oily  fluids  with  the  albuminous 
matter  which  may  be  regarded  as  its  essential  constituent,  The  chyle 
formed  from  Animal  food  is  usually  most  opake  (containing  a  largo  quantity 
of  fatty  matter),  and  passes  most  rapidly  into  decomposition.  That  formed 
by  herbivorous  animals  is  more  transparent,  and  frequently  quite  clear. 
The  milky  character  is  sometimes  commimicated  to  the  serum  of  the  blood, 
especially  if  the  food  contain  much  oleaginous  matter,  and  the  chyle  be, 
ftom  any  cause,  rapidly  propelled  into  the  current  of  the  circulation.  The 
oily  particles,  being  suspended  in  the  chyle  in  a  state  of  minute  division, 
cause  it  to  present  a  globuhferous  appearance  ;  but,  besides  these  particles, 
other  globules  may  he  observed  in  it,  to  which  the  turbidity  (according  to 
Ibe  observations  of  Mi'iller)  is  partly  owing.  These  globules  are  usually 
pretty  regular  in  form,  but  of  variable  size ;  generally,  however,  they  are 
«bmit  half  or  one-third  the  diameter  of  the  red  particles  of  the  blood.  It 
can  scarcely  be  supposed  that  these  are  identical  with  the  globules  which 
lave  been  stated  to  exist  in  the  chyme ;  since  the  vessels  which  take  them 
up  must  terminate  in  pores  of  a  sensible  diameter,  which  all  observers 
iw*  agree  not  to  be  the  case.  It  has  been  a^ied,  however,  that,  as  the 
d  of  kittens  and  of  puppies,  if  drawn  at  a  certain  time  after  sucking. 
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exhibits  turbidity  of  the  serum  on  coagulating,  the  globules  of  miik 
must  have  entered  the  absorbents  ;  but  tills  ai^iment  becomes  groundless, 
when  it  is  remembered  that  oleaigiuouB  food  will  produce  the  same  effect  iu 
aU  cases. 

416.  Two  hypotheses  have  been  offered  to  account  for  the  presence  of 
globules  in  the  Chyle.  According  to  one  (that  of  DoeUinger),  the  villi 
of  the  mucous  membrane  of  the  ahmentary  canal  (§  306)  are  constanllv 
undei^ing  solution,  where  permeated  by  absorbent  vessels,  and  are  reiiro- 
duced  on  their  intestinal  surface,  by  the  aggregation  of  the  nutritive  mate- 
rials in  contact  with  them.  The  immediate  variation  in  the  character  of 
the  chyle  according  to  that  of  the  food  is,  however,  an  evident  objection  a 
this  doctrine ;  and,  moreover,  it  is  scarcely  to  be  believed  that  the  nutrient 
materials  should  be  made  to  form  part  of  an  organised  tissue  (that  of  tlie 
Tilli),  only  to  be  again  disintegrated.  According  to  the  other  hyjiotbesis, 
the  globules  are  formed  in  the  lacteals  themselves,  by  a  vital  influtnw 
of  the  tissue  of  these  vessels  upon  their  contents.  If  this  he  the  ease, 
such  inflnence  must  be  exercised  immediately  as  absorption  has  taken 
place ;  since  globules  may  be  found  in  the  network  of  lacteals  which  is 
distributed  on  the  surface  of  the  intestines  themselves.  There  is  notbing 
discordant,  however,  in  such  a  supposition,  with  what  we  obsene  else- 
where. It  is  not  improbable  tliat  a  more  attentive  observation  of 
the  process  of  absorption  in  Plants,  and  of  the  sire  of  the  particles  of 
colouring  matter  which  will  pass  through  the  spongioles,  might  elucidate 
this  curious  question. 

417.  It  is  in  its  power  of  spontaneous  cotigulation,  however,  and  in  the 
colour  which  it  presents,  that  the  pecuharities  of  chyle,  in  the  later  part 
of  its  course,  are  chiefly  manifested.  This  coagulation  will  not  take  pla» 
in  chyle  taken  from  the  smaller  lacteals,  and  it  rarely  occurs  even  in  tiial 
which  lias  passed  through  the  mesenteric  glands  {§  388) ;  but  that  whicb 
is  drawn  from  tlie  thoracic  duct  separates,  in  about  ten  minutes,  into » 
coagulum,  which  consists  of  the  globules  connected  by  a  transparent  sub- 
stance (probably  fibrin), — and  of  a  serous  fluid,  containing  from  3  to  5  per 
cent,  of  solid  matter  (chiefly  albiunen).  The  presence  of  the  fibrin  hu 
been  variously  accounted  for.  It  may  either  result  from  the  gradual  cot- 
version  of  the  albumen  of  the  chyle,  eflected  by  some  unknown  action  of  thf 
lacteal  vessels  themselves ;  or  it  may  be  produced  by  an  actual  admixlurv 
of  some  of  the  constituents  of  the  blood,  hy  their  permeation  of  the  cont* 
of  the  capillaries,  which  are  in  immediate  relation  with  the  lacteal  tulif* 
in  the  so-called  mesenteric  glands.  But  these  glands  are  nothing  in»ff 
than  prolongations  of  the  lacteal  tubes,  on  the  walls  of  which  blood-vessab 
romily  ;  and  it  seems  the  more  probable  supposition,  that  the  present*  of 
fibrin  in  the  chyle  residts  from  the  elaboration  of  tlie  albumen  preriotBlj 
contained  in  it,  by  processes  of  whose  nature  little  is  known,  but  win* 


conditions  are  open  to  investigation,*  Pilirin  would  seem,  ns  will  he  pre- 
sentlv  stnted,  to  be  a  more  higfdj-organiseii  form  of  albumen,  and  to  pos- 
sess the  capability  of  exhihitiiig  actions  of  b  character  otherwise  than 
physical.  The  red  colour  of  the  coagiilum  of  chyle  tuken  from  the 
thoracic  duct,  is  another  indication  of  the  approach  of  that  fluid  to  the 
qualities  of  the  blood.  This  becomes  more  evident,  after  the  coflgulum  has 
been  for  a  short  time  exposed  to  the  nir ;  and  it  is  much  more  perceptible 
in  chyle  taken  from  the  summit  of  the  thoracic  duct,  than  in  that  which  is 
drawn  from  its  lower  extremity.  It  is  possible,  however,  that  there  is 
not  an  actual  formation  of  red  particles  in  the  chyle  during  its  ascent,  hut 
that  these  are  derived  from  the  spleen  ;  since  the  lymphatics  coming  from 
this  viscus  are  sometimes  charged  with  fluid  of  a  red-wine  colour.  Still  it 
appears  by  no  means  unconformable  to  what  we  have  elsewhere  observed, 
to  suppose  that  the  jtresence  of  fibrin  and  of  red  colouring  matter  in  the 
chyle  are  indications  of  the  process  of  assimilation  which  is  gradually 
being  effected  in  it. 

4 IS.  The  admixture  of  lymph,  the  fluid  taken  up  by  the  absorbents 
nf  the  system  at  lai^,  with  the  chyle  in  the  thoracic  duct,  is  a  point 
which  must  not  be  forgotten  in  any  account  of  the  properties  of  the  latter. 
This  fluid  is  nsiially  quite  transparent,  and  contains  no  fatty  matter.  A 
delicate  coagulum  forms  in  it  within  about  10  minutes  after  its  removal 
from  the  body,  and  this  appears  to  consist  almost  entirely  of  the  fibrin 
which  was  previously  fluid, — a  few  small  globules  being  inclosed  in  it ; 
but  the  larger  proportion  of  these  remains  suspended  in  the  serous  fluid, 
which  contains  a  considerable  proportion  of  albumen.  The  quantity  of 
coagulum  is  very  small,  being,  when  first  formed,  not  much  more  than 
,'~  of  the  weight  of  the  fluid ;  and  being  reduced  by  drying  to  ^. 
When  dry,  the  coagulum  presents  a  fibrous  appearance.  The  globules  are 
much  smaller  than  the  colouring  particles  of  the  blood,  and  are  by  no 
means  abundant.  In  the  fitig,  they  are  not  above  i  of  the  size  of  the 
blood -globules.  It  will  be  presently  seen,  that  the  lymph  is  nearly  identi- 
cal in  composition  with  the  fluid  portion  of  the  blood ;  and  it  is  not 
improbable,  that  its  principal  source  is  from  the  separation  of  this  portion 
(the  liquor  tanffuinis  %  -124)  in  the  capillary  circulation,^ — a  larger  quantity 
permeatitig  the  tissues  than  is  required  for  the  purposes  of  nutrition,  and 
ihe  superabundant  part  being  taken  up,  along  with  other  matters,  by  the 
iphatics.  It  may  also  be  presumed,  that  the  admixture  of  this  highly 
grated  fluid  with  the  crude  matter  of  the  chyle,  has  an  important  effect 


it  ibe  walls  nf  vessela  liavE  aome  anknown  influence  on  their  llmil  contents,  i 

y  be  regarded  as  of  a  vital  character,  appears  froin  the  following  experi 

igBt  othcTB.    If  two  ligatures  be  placed  round  a  bland^vesBel,  at  the  distance  ol 

«  inchea,  the  blood  between  them,  althuugh  of  course  removed  from  the  curre 

M  drculatioa,  will  not  coagulate  for  eomo  time  \  but  if  it  he  drawn  from 

» the  ordinary  changea. 


in  aaaimilating  the  latter,  and  in  preparing  it  to  enter  the  general 
of  the  circulation, — just    like  the  admixture  of    the  previously-foi 
secretions  of  plants  with  their  ascending  sap  (§  397). 

419.  In  what  the  preeise  difference  consists  between  Fibrin 
Albumen,  it  is  not  easy  to  say.  The  most  obvious  character  of  the  ft 
is  its  tendency  to  spontaneous  coagulation,  which  can  scarcely  be 
as  otherwise  than  a  vital  property ;  and  it  will  he  seen  that  this  frequentlj 
serves  a  most  important  purpose  in  the  nutritive  processes  (§  424),  Ftbrin 
may  be  most  readily  obtained  in  a  pure  state,  by  stirring  fresh-drawn 
blood  with  a  stick,  so  as  to  prevent  its  coagulation  in  the  usual  maimer; 
a  fibrous  mass  will  be  gradually  collected,  which  may  be  freed  by  wash- 
ing from  the  red  particles  mixed  with  it,  and  which  consists  of  fibrin  netrij' 
pure.  This  substance  has  been  generally  stated  to  contain  6  eq.  of  carbon, 
5  eq.  nf  hydrogen,  2  eq.  of  oxygen,  and  1  eq.  of  nitrogen  ;  on  compariuR 
these  proportions  with  those  of  the  elements  of  Albmnen,  it  will  be  bwa 
that  the  nitrogen  remains  the  same,  whilst  the  relative  quantity  of  ihe 
other  constituents  is  diminished ;  but  recent  analyses  have  led  to  the  belisf, 
that  there  is  no  essential  diflference  in  composition  betwceu  fibrin  ind 
coagulated  albumen.  Its  pecuUarly  animal  character  is  manifested  in  ill 
tendency  to  pass  rapidly  into  decomposition.  After  coagulation,  it  u 
entirely  insoluble  in  water  at  cominon  temperatures ;  hut  a.  very  tnioaU 
proportion  is  dissolved  by  the  long-continued  action  of  boiling;  wtW. 
However  simUar  Fibrin  and  Albumen  may  be  in  ultimate  coinpoutieri, 
there  can  be  little  doubt  that  they  hold  a  very  iHffereut  rektton  tg  «Ki 
other  in  the  Animal  economy.  Fibrin  enters  largely  into  the  constttotin 
of  the  muscles ;  but  it  is  not  easy  to  obtain  it  from  them,  since  it  is  inti- 
mately mixed  with  the  elements  of  cellular  and  vascular  tissue.  It  b  1 
fact  of  some  interest  in  relation  to  subsequent  enquiries  (§  575),  tliat  ibr 
fibrin  of  muscles,  when  triturated,  becomes  so  strongly  electric,  tlisl  iK 
particles  repel  each  other  and  adhere  to  the  mortar.  Phenomena  will  bc 
presently  mentioned,  which  render  it  probable  that  certain  vital 
ments,  possessed  by  the  fibrin  of  muscles,  exist  also  in  that  of  the  bli 

420.  In  proportion  to  the  perfection  of  organiaatiou  which  the 
mentary  materials  are  ultimately  to  attain,  appears  the  degree  of  elaf 
tion  which  they  require.  It  has  been  already  stated  (§  306)  that, 
Invbrtebrata,  the  absorbed  fluid  at  once  enters  the  general  ennvniof 
the  circidation  ;  but  the  blood  of  many  of  these  tribes  may  be  compwrJ 
rather  with  the  hinpb  than  with  the  blood  of  liigher  animals,  having  b* 
few  globules,  and  coagidathig  but  feebly  when  drawn  from  its  vessels,  u 
the  VebtebrAta,  tliere  can  be  little  doubt  that  the  long  course  which  the 
chyle  traverses  in  the  lymphatic  system,  contributes  to  prepare  it  Sf 
entering  into  the  composition  of  the  highly -elaborated  fluid,  which  s«[qjUM 
both  the  alimentary  materials  of  their  tissues,  and  the  necessary 
to  their  vital  actions.     The  Blood  of  all  the  higher  classes  present* 


I  will  » 
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decided  red  colour,  vhen  drawn  from  the  arteriea  ;  and  this  is  clianged  in 
the  course  of  circulation  into  the  dark  purple  tint  which  it  exhibits  in  the 
veins.  The  colour  eiists  only  in  the  globules  or  corpuscles  which  are 
earned  in  its  stream,  the  fluid  portion  being  perfectly  transparent  and 
colourless ;  it  appears  due  to  the  union  of  a  very  small  quantity  of  iron 
with  an  animal  compound,  but  not,  as  was  formerly  supposed,  to  oside  of 
iron  alone.  When  the  minute  streams  are  examined  in  the  Uving  animal, 
flowing  through  the  capillary  vessels,  in  which  the  globules  usually  arrange 
ihemselves  in  single  file,  they  appear  quite  colourless ;  and  it  is  only 
when  these  particles  are  collected  into  a  mass,  that  their  tint  becomes 
manifest.  The  composition  of  these  two  eonstitueuta  of  Hving  blood, — 
■  ike  globulea,  aud  the  fluid  portion  or  liquor  tanguinit, — will  now  be 
led  separately. 

j42I,  The  form  and  sLse  of  the  coJmired  particles  vary  considerably  in 

ferent  classes,  but  they  are  never  so  spherical  as  to  deserve  the  appella- 

Kfflobuleg  commonly  given  to  them.    In  Man  and  most  other  mammalia, 

lud  flat  discs,  resembling  pieces  of  money  in  form ;  but  their 

s   proportion  ably   greater,  being  j-  or  J    of  their   diameter. 

LEPTiLES,  and  FISHES,  they  are  almost  always  elhpticol  in  form  j 

e  long  diameter  being  usually  about  twice  the  short  one.     The  average 

ockness  bears  about  the  same  proportion  to  the  short  diameter ;  hut  a 

central  prominence  is  obsen'ed  on  each  side  iu  many  Reptiles  and  Rshes. 

This  promincDce  is  seen  in  the  red  particles  of  Frogs'  hlood  (which  are 

fiiur  times  as  long  as  those  of  the  blood  of  man)  to  be  occasioned  by  the 

presence  of  a  centra!  nucleus,  which  is  probably  to  be  compared  with  that 

already  described  in  the  cells  of  Plants.     Although  the  existence  of  a 

»milar  nucleus  in  the  blood  of  Birds  and  Mammalia  has  beeu  donhted,  it 

seems  now  to  be  established;    its  presence  in  the  red    jiarticle  is  not 

indicated,  however,  by  a  prominence,  but  by  a  dark  spot  which  has  been 

erroneously  regarded  as  a  depression.     There  can  be  no  doubt  that  many 

errors  as  to  the  character  of  these  bodies,  have  arisen  from  the  mode  in 

which  they  have  been  studied.     They  can  only  be  fairly  esamiued  in  the 

Herum  of  the  blood  itself  (§  425) ;  smce  admixture  of  pure  water  changes 

^jhrir   flattened   form  into  a  spherical    one,   and   renders  circular  those 

BBdch  were  elhptical.     After  a  time,  most  of  the  coloured  portion  is  dis- 

Kibed,  and  the  nuclei  remain;  hut  this  effect  is  produced  much  more 

^^pidly  by  acetic  acid.      The   corpuscles  of  the  blood  are  now  to  be 

regarded  (it  seems  beyond  doubt)  as  distinct  cells,  having  for  a  time  an 

independent  vitality  comparable  to  that  of  the  Red  Snow,  or  other  equally 

mple  Vegetable.     They  contain  the  colouring  matter  of  the  hlood  iu  a 

d  state ;  and  the  changes  in  their  form  which  are  witnessed,  when  they 

«  brought  into  contact  with  water  or  other  agents,  are  due  to  endosmose 

e  through  their  walls.     These  changes  may  proceed  so  far  as  to 

iipture  the  membrane,  by  the  increase  of  its  contents  beyond  -w^iaX'A 


rpUBcle,  Iq^l 


bear ;  or  may  cause  a  real  depression  on  the  surface  of  the  corpuscle, 
withdrawing  a  portion  of  its  original  fluid. 

422.  Other  glohiiles  are  found  in  the  blood,  however,  which  closely 
resemble  those  of  chyle  and  lymph.  They  are  of  much  smaller  dimen- 
sions than  the  blood-corpuseles  themselves,  but  they  have  the  same  form  : 
their  size  is  extremely  variable.  There  is  reason  to  beheve  that  they  are 
blood-corpuscles  Jn  a  state  of  incipient  development  {§  43).  These  lymph- 
globules  (?)  may  not  only  be  found  in  blood  drawn  from  the  body,  hut 
they  may  be  watched  in  the  general  current  of  the  circulation, — especially 
in  Tadpoles,  where  they  are  sooner  introduced  into  the  veins  than  in  higher 
animals.  According  to  the  observations  of  Ascherson,*  the  velocity  of  the 
two  seta  of  particles  is  different ;  the  lymph-globules  moving  slowly,  espe- 
cially in  the  neighboxirhood  of  the  sides  of  the  vessel,  where  they  sre 
dekyed  by  friction ;  whilst  the  red  particles,  bemg  endowed  with  more 
perfect  smoothness  of  surface,  and  a  considerable  degree  of  elasticity,  art 
not  so  easily  retarded  by  slight  obstacles.  There  is  some  variation  in  tbe 
size  of  the  red  particles,  even  in  the  same  mdividnal ;  but  none  ever  atuin 
twice  the  average  diameter.  In  the  embryos  of  Mammalia,  however,  thcj 
are  usually  much  larger  than  in  the  adult.  In  the  Invertebrata  tbe 
globules  seem  to  bear  much  resemblance  to  those  of  the  lymph,  in  their 
want  of  a  definite  form,  and  in  the  roughness  of  their  surface.  In  niiiny 
species  they  occur  very  scantily,  and  their  entire  absence  from  some  bas 
been  asserted.  Their  form  often  changes  a  good  deal  during  circulation ; 
but  in  some  of  the  higher  species,  which  border  most  upon  Vertebrata,  il 
seems  more  definite,  and  nuclei  haie  been  observed  in  them.  The  follow- 
ing are  the  average  diameters  of  the  blood-particles  in  different  species, 
stated  in  parts  of  an  inch. 


Fowl  . . . 
Tortoise  , 
Frog    ... 


■   from  ^  to 


long  diam.     ,|, 


Agterias froro  ^  U, 


i 


The  nuclei  of  the  red  particles  appear  to  consist  of  a  substance  resembling 
fibrin  or  coagulated  albumen  in  most  of  its  properties.  The  colouring 
matter  surrounding  tliem  also  has  much  affinity  with  fibrin  in  cheminl 
composition ;  its  characteristic  property,  however,  is  the  change  which  ita 
colour  is  capable  of  undergoing  under  the  influence  of  various  agents.  Thus, 
when  brought  into  relation  with  oxygen,  whether  pure  or  diluted,  its  florid 
tint  is  heightened,  and  carbonic  acid  is  at  the  same  time  generated.  Minj 
saline  solutions  have  a.  coirespouding  effect ;  and  this  is  shown  most  evi- 
dently, when  the  colouring  particles  are  suspended  in  a  saline  mixtare 
(such  as  their  own  serum),  and  exposed  to  oxygen  at  the  same  time. 
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LOst  acida,  on  the  contrary,  render  it  dark  ;  and  carbonic  odd  seems  to 
OBsess  this  power  in  a  high  degree.  The  application  of  these  facts  will 
■n,  when  the  changes  effected  in  tlie  blood  by  Respiration  are 
Bescribed  {§  418).  This  cruorin,  as  the  colouring  matter  has  been 
med,  is  coagulated  by  heat  and  the  mineral  acids ;  and  it  then  rescm- 
s  fibrin  in  many  of  its  ehemical  relations. 

423,  When  blood  has  been  removed  from  the  body,  and  diluted  bo  aa  to 
event  its  coagulation,  the  particles  arc  seen  to  be  for  some  time  in  a  state 

f  constant  movement.  Tliis  is  twofold, — the  corpuscles  moving  towards 
»ch  other,  so  as  to  arrange  themselves  in  regular  rows, — ajid  each  having 
I  continual  whirling  motion  of  its  own.  The  former  may,  perhaps,  result 
kom  physical  causes  only ;  the  latter,  however,  closely  resembles  that 
rhich  has  been  already  mentioned  as  occurring  in  the  globules  of  the 
ve  fluid  of  Plants  (§  406),  and  which  is  witnessed  in  a  still  more 
imarkable  form  elsewhere  (§  593).  It  has  been  said  that  their  movement 
Bmot  be  the  result  of  vitality,  since  it  may  continue,  under  favourable 
ErcumBtances,  for  some  time  after  the  blood  has  been  removed  from  the 
But  it  is  to  be  remembered  that,  the  lower  the  degree  of  the  vitality 
Ktnral  to  each  part,  the  longer  is  it  usually  retained  ;  and  that  the  ciliary 
ivnements  (§  146)  might  on  the  same  groimd  he  represented  as  purely 
lysical,  which  no  one  has  ye't  asserted. 

424,  The  Uipittr  sanguinis,  or  fluid  portion  of  the  circulating  blood.  Is 
1  which  the  tendency  to  coagidatc  exists  ;    and  it  is  probably  that 

liich  is  chiefly  concerned  in  sujiplying  nutriment  to  the  tissues.  It 
;s  of  water,  holding  in  solution  fibrin  and  albumen  with  saline 
litter;  and  it  also  contains  a  small  amount  of  fatty  particles,  though  in 
sra  proportion  than  the  chyle.  Many  other  ingredients  may  be  detected 
in  it  J  but  these  seem  to  have  the  most  important  connection  trith  the 
nutritive  processes.  Tlie  liquor  sanguinis  may  be  separated  from  the 
^Jobules  by  a  filter  sufficiently  fine  to  retain  the  latter;  and  it  will  then 
■taagulate  alone.  This  constituent  of  the  blood  is  occasionally  separated 
^Bbm  it  in  the  living  system,  under  the  form  of  magulable  or  plastic  lymph  ; 
^Kich  is  sometimes  efliised  as  a  product  of  inflammation,  and  sometimes 
^K  the  simple  purpose  of  reparation,  and  appears  to  consist  of  the  liquor 
^Biguinis  in  a  concentrated  form,  the  pro^mrtion  of  fibrin  in  it  being  espe- 
^Bllly  large.  When  it  is  poured  out  on  the  surface  of  membranes,  it  has  a 
^Etadency  to  become  organised ;  new  vessels,  with  lymphatics,  and  perhaps 
^Wen  nerves,  are  gradually  formed  in  it ;  and  these  acquire  connections 
Hntb  the  neighbouring  parts.  Serous  membranes  are  particularly  liable 
^nl  such  effusions ;  and  the  false  membranes  thus  formed  very  commonly 
Bftoduce  adhesions  between  their  adjacent  surfaces.  The  newly-organised 
BAasae  at  first  presents  the  characters  of  simple  cellular  structure ;  hnt  it 
Bpsdually,  in  many  instances  at  least,  assimilates  itself  to  the  tissue  with 
^ndnch  it  is  connected.     There  seems  little  doiibt  that  t\ie  fetma'aow.  tS 
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vessels  frequently  commences  in  the  substance  of  the  coagulated  fluid  thus 
effused,  and  that  the  canals  then  grndnally  form  connections  with  those  of 
the  neighbouring  parts ;  but  what  is  the  precise  manner  in  which  this  pro- 
cess is  effected  still  remains  a  mystery.  It  is  almost  impossible  to  consider 
it,  without  admitting  that  the  liquor  sanguinia  is  as  completely  possessed  of 
yitahty,  as  any  solid  tissue  in  the  body ;  since  it  exhibits  properties  which 
no  merely  chemical  admixture  can  possess.  Fibiin  ia  sometimes  effused 
in  a  similar  manner  into  the  substance  of  organs,  and,  by  becoming 
organised,  converts  into  a  solid  mass  that  which  previously  possessed  a 
spongy  texture ; — as  when  the  lungs  are  hepatised  by  inflammation,  and 
their  air-celb  obliterated.  It  is  by  an  analogous  process  of  oi^anisation 
in  effused  fibrin,  that  the  reparation  of  injuries  takes  place ;  and  whattver 
may  be  the  nature  of  the  tissue  to  be  subsequently  regenerated,  the  cfiiisioo 
of  coagulable  lymph,  followed  by  its  conversion  into  cellular  structure,  ia 
always  the  primary  change, 

425.  The  blood  drawn  fi«m  the  living  body  does  not  long  remain  iu 
the  fluid  form  in  which  it  exists  in  the  vessels  ;  but  undergoes  a  process  of 
spontaneous  coagulation,  separating  into  a  solid  craasaiuenhim  or  clot,  and 
a  fluid  serum.  The  former  is  composed  of  the  red  particles  held  together 
hy  the  fibrin,  through  which  they  are  usually  difihsed  pretty  equably  ]  % 
however,  the  coagulation  be  retarded,  eithSr  by  the  condition  of  the  SJ^ 
tem  at  the  time  the  blood  was  drawn,  or  by  artificial  means,  the  red  psr- 
ticles  will  sink,  leaving  the  surface  of  the  coagulum  nearly  free  from 
colour,  so  as  to  form  what  is  termed  the  hvffij  coal.  The  serum  conslsti 
of  the  watery  portion  of  the  blood,  which  holds  in  solution  the  greater 
part  of  the  albumen,  with  the  saline  matter  and  most  of  the  other  elementoj 
it  b  coagulable  by  heat  like  other  albuminous  fluids.  This  is  not  unfre- 
quently  separated  from  the  blood  in  the  Uving  state ;  the  natural  secretions 
of  Serous  Membranes  (§  58)  appearing  to  differ  hut  little  from  it ;  and  the 
collections  which  sometimes  take  place  to  a  great  amomit  in  their  cavitieSi 
presenting  nearly  all  its  characters.  In  inflammatory  conditions  of  thew 
membranes,  more  or  less  fibrin  is  generally  contained  in  the  serous  effu- 
sion, the  flakes  which  are  suspended  iu  it  giving  it  a  turbid  appearance. 
The  spontaneous  coagulation  of  the  fibrin  can  scarcely  he  regarded  in  any 
other  light  than  as  a  result  of  the  vital  properties  with  which  this  princi- 
jde  is  endowed.  It  has  been  shown  to  serve  a  most  important  purpose  ia 
the  economy  of  the  living  system ;  the  fluid  form,  which  the  fibrin  retains 
as  long  as  it  exists  within  living  vessels,  enabling  it  to  be  convejetl 
wherever  it  may  be  needed  for  the  purposes  of  nutrition  or  reparation,— 
whilst  as  soon  as  it  is  deposited  by  them  in  connection  with  parts  alrendT 
organised,  it  manifests  a  tendency  to  partake  of  their  structure.*    Tlic 

'  A  curioUB  instance  of  the  tendency  of  fibria  to  become  organised  came  luidw  tti' 
authui's  obsLTvatioD  whilst  Clinical  Clerk  to  Dr.  Wataon  at  the  MiddleKX  HnrpitoJ.  A 
pHlient  lubouriny  luider  enJucnnliti.H  (innummsition  of  the  lining  membiane  of  the  htarll 
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vitality  of  the  tissues  with  which  it  is  contact,  howeyer,  seems  to  have  an 
important  influence  on  its  condition.  Blood  will  not  remain  fluid  in  a 
portion  of  a  vessel  isolated  by  hgatures  (§417,  note)  longer  than  the 
healthy  structure  and  properties  of  its  coats  are  retained ;  and  it  is  by  its 
tendency  to  coagulate  in  any  part  where  these  are  impaired,  that  hemor- 
rhages are  oflen  prevented  or  checked.  Again,  it  has  been  found  that 
violent  injuries  of  the  nervous  centres  (especially  the  breaking  down  of 
the  brain  and  spinal  cord)  very  rapidly  produce  coagulation  of  the  blood 
whilst  it  is  yet  moving  in  the  vessels,  by  destroying  the  vitality  of  their 
coats.  On  the  other  hand,  coagulation  does  not  take  place  after  some 
kinds  of  sudden  death,  in  which  the  vitahty  of  the  whole  system  appears 
to  have  been  instantaneously  destroyed  (as  when  an  animal  is  killed  by 
lightning  or  by  a  violent  electric  discharge) ;  and,  in  these  cases  the  usual 
stiffening  of  the  muscles  (a  change  that  seems  to  result  from  a  similar 
change  in  their  constitution,  which  may  be  regarded  as  a  last  effort 
of  vitahty,)  does  not  take  place.  Of  the  various  conditions  which  hasten 
or  retard  the  coagulation  of  the  blood,  more  cannot  here  be  said ;  but  the 
subject  is  one  of  much  interest  and  importance. 

426.  Of  the  means  by  which  the  nutritious  materials  of  the  blood  are 
converted  into  organised  tissues,  and  of  the  mode  in  which  this  takes  place, 
the  best  account  that  the  present  state  of  knowledge  admits  will  be  offered 
in  the  following  pages.  There  can  be  no  doubt  that  the  constituents  of 
all  these  tissues  exist  in  the  blood,  in  a  form  very  nearly  alUed,  except  so 
far  as  their  organisation  is  concerned,  to  that  which  they  possess  in  the 
soHd  parts ;  since  its  elements  may  be  obtained  from  them  by  chemical 
analysis.  Thus,  the  fibrin  is  particularly  found  in  muscles,  albumen  in 
cellular  tissue  and  its  modifications,  the  oily  particles  in  the  fat  and  in  the 
nervous  matter,  phosphate  of  hme  in  the  bones, — ^and  so  on.  But  another 
proximate  principle  is  abundantly  yielded  by  many  tissues,  which  cannot 
be  detected  (except,  perhaps,  in  very  small  quantity)  in  the  blood.  This 
is  Gelatine,  famiharly  known  as  glue.  Its  characteristic  properties  are  its 
solubility  in  warm  water,  and  its  coagulation  on  cooUng ;  and  its  precipita- 
tion by  tannin  as  a  new  compound,  on  the  perfect  formation  of  which  the 
conversion  of  skin  into  leather  depends.  By  long-continued  boiling. 
Gelatine  may  be  obtained,  in  greater  or  less  proportion,  from  almost  all  the 
animal  tissues ;  but  it  is  doubted  by  many  chemists,  whether  some  chemi- 
cal change  is  not  thus  effected  in  their  constitution,  and  whether  gelatine,  as 
mck,  exists  in  the  living  body.  It  may  be  regarded  as  composed  of  7  eq. 
of  carbon,  7  eq.  of  hydrogen,  3  eq.  of  oxygen,  and  1  eq.  of  nitrogen ;  and 
it  thus  differs  from  albumen  in  the  deficiency  of  one  proportional  of  carbon. 
The  conversion  of  the  albiunen  of  the  blood,  therefore,  into  the  gelatine  of 

having  been  bled,  the  coagulum  exhibited  at  its  edges  a  number  of  little  wart-like  pro- 
cesses, exactly  resembling  in  character  the  softer  granulations  which  are  seen  on  the 
cardiac  valves  after  death  from  this  disease. 
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the  tissues  (or  into  whatever  principle  occapiea  the  place  of  that  which  is 
known  as  gelotioc  in  a  separate  form)  may  not  improbably  be  the  source 
of  the  carbon  set  free  during  the  circulation  of  the  blood  through  thB  J 
system  (§  485).  ^^ 

427.  Until  a  very  recent  period,  the  process  of  Organisation  in  Animri^B 
was  involved  in  complete  obscurity.  Many  scattered  observations  existec^ 
by  which  facts  that  now  prove  to  be  important  were  brought  to  light ;  but 
these  did  not  lead  either  to  the  formation  of  any  general  statements,  or  to 
more  extended  enquiry,  until  Schwann  was  eneouraged  to  prosecute  the 
subject,  by  the  success  obtained  by  Schleiden  in  his  parallel  researches  on 
Vegetable  Organisation.  The  first  important  generalisation  at  which  be 
arrived,  was,  that  all  the  tissues  of  Animals,  however  dissimilar  their 
ultimate  aspects  and  characters,  have  a  common  origin,  which  closely 
resembles  the  simple  cellular  tissue  of  Plants,  It  is  this  tissue  which 
first  presents  itself  in  the  embryo,  and  in  newly-forming  structures  in 
higher  Animals ;  and  yet  in  the  great  majority  of  cases,  no  evident  traces 
of  it  can  be  found  in  the  tissues  of  the  fully-developed  body.  The  pro- 
cesses by  which,  so  far  as  is  yet  known,  it  is  metamorphosed  into  tlie 
several  fabrics  which  then  present  themselves,  have  been  explained  (as  for 
as  the  present  state  of  knowledge,  and  the  limits  of  this  work,  would 
permit,)  in  the  account  of  them  contained  in  the  Introduction.  It  is  hprc, 
therefore,  our  chief  business  to  euquire  mto  the  origin  of  this  vesiculsf 
tissue,  which  is  the  agent  in  all  the  subsequeut  processes  of  nutrition. 

428.  The  different  members  of  the  Animal  scale  have  not  yet  been  n- 
amined  with  sufficient  detail,  to  make  known  all  the  instances  in  which 
vesicular  tissue  exists  as  a  permanent  constituent  of  the  Animal  fabric.  It 
is  certain  that,  with  little  modification,  it  is  the  basis  of  fat,  of  the 
medulla  of  feathers,  and  of  the  epidermic  and  epithelial  coverings  of  (he 
skin  and  other  membranes;  as  well  as  of  the  (chorda)  dorsaUsof  Fishes  (§40), 
More  recently,  a  similar  tissue  has  been  foimd  to  exist  in  large  amount  iu 
the  Short  Sim-Fish,  where  it  forms  a  layer,  varying  in  thickness  from  one- 
fourth  of  an  inch  to  sis  inches,  over  the  whole  body,*  The  true  skin 
is  entirely  absent  in  this  remarkable  animal ;  so  that  the  vesicular  tissue 
just  described  occupies  its  place  (Fig.  241).  It  has  been  recently  ascer- 
tained, also,  that  the  parenchyma  of  glandular  structures,  which  fills  u|i 
the  interstices  among  the  vessels  and  secreting  tubes  that  principally  com- 
pose them,  consists  of  similar  cells  (Fig.  242). 

429.  In  most,  if  not  all,  the  instances  in  which  this  vesicular  tissue  can 
be  clearly  demonstrated,  the  existence  of  a  nucleus  in  each  cell,  resembling 
that  already  described  in  Vegetables  (§  409),  is  also  evident ;  and  in  this 
nucleus,  nucleoli  have  been  observed,  sometimes  to  a  considerable  number. 
Following,  therefore,  Schleiden's  history  of  the  development  of  Vegetable 
cells,  Schwann  has  adopted  the  opmion  that  the  iiuc/eoli  are  the  origins  ol 
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the  nuclei;  and  that  from  these  last  the  cells  are  developed.     According 
to  him,  the  nucleus  almost  alwajs  disappears  when  the  development  of  the 
ceU  is  complete,  having  then  performed  its  functions ;  and  it  takes  no 
share  in  any  subsequent  changes  which  the  cell  may  undergo.     That  the 
general   statement   of  Schwann,    regarding  the  analogous  origin  of  all 
Animal  tissues,  is  correct,  no  doubt  can  be  entertained ;  but  there  seems 
good  reason  to  believe,  from  the  observations  of  Dr.  Barry  on  the  develop- 
ment of  cells  within  the  germinal  vesicle,  and  from  the  conformity  of  these 
observations  with  other  facts,  that  the  early  history  of  the  process,  and  the 
iiature  of  the  functions  of  the  nucleus,  are  really  very  different  from 
Schwann's  ideas  of  them. 
I       430.  The  Germinal  Fenele  of  the  ovum  {%  609),  is  a  simple  cell  lying  in 
HBk  midst  of  the  yolk.     It  contmns  a,  nucleus,  the  correspondence  of  which 
BUth  the  cytobtast  of  Schlcideu  is  in  general  sufficiently  evident  i  consisting, 
'  «s  it  does,  of  a  dark  spot,  which  may  be  resolved  with  a  good  microscope 
iuto  an  assemblage  of  granules.     There  are  many  instances,  however,  in 
which  the  granules  are  not  clustered  in  one  spot,  but  form  two  or  more, 
or  are  even  diffused  through  the  cell.     In  these  cases  there  is  an  evident 
correspondence  with   the  diffused  condition  of  the  cell-germs  in  many 
Vegetable  cells  (§  -JOO).     When  the  ovum  is  being  prepared  for  fertilisa- 
tion, a  developraeut  of  new  cells  takes  place  in  the  interior  of  the  germinal 
■  vesicle  1  and  these  cells  may  be  distinctly  seen  to  originate  in  the  granules  of 
I  die  nucleus.    In  tlie  first  instance,  those  nearest  the  circumference  are  seen 
B  40  enlarge,  and  a  ring  of  young  cells  is  thus  formed  (Fig.  243).     Other 
■tings  are  then  successively  produced  within  these,  and  push  those  first 
Bprmed  towards  the  exterior  (Fig.  244) .    The  centre  of  the  nucleus  now  pre- 
pients  the  appearance  of  a  bright  pellucid  spot,  like  a  vesicle  (Fig.  245) ;  tliis 
evidently  corresponds  with  the  nucleolus  of  Schleiden  and  Schwann  ;  which 
is  thus  but  a  transitory  appearance,  presenting  itself  during  the  evolution 
of  the  nucleia  into  cells.  The  first  formed  cells  afterwards  disappear  by  lique- 
m,  as  do  also  several  posterior  series ;  and  at  last  from  the  centre  of  the 
1  nucleus,  two  cells  are  evolved  (Fig.  24/),  which  remain  permanent, 
le  until  they  fill  the  parent  cell  (Fig.  248) .    These,  in  their  evolu- 
a,  acquire  a  nucleus;  and  this  goes  through  a  similar  process;  so  that,  in  the 
e  before  us,  the  number  of  cells  is  doubled  at  each  generation  (Figs. 
—251).*     It  is  probable  that,  in  regard  to  the  number  of  permanent 
\s  thus  produced,  there  is  a  considerable  diversity  in  different  cases ;  for, 
n  we  shall  presently  see,  the  blood-corpuscle  gives  origin  to  sis.     But  the 
pieral  fact, — that  the  new  vesicles  produced  within  a  parent  cell,  originate 
ik  the  granules  which  it  contains,  whether  or  not  these  be  aggregated  into 
■  Mogle  nucleus, — is  a  conclusion  which  beautifidly  harmonises  with  many 
Tnervations  now  weU  substantiated,  on  the  history  of  Development  in  all 
■a  of  organised  beings.    Further,  it  has  been  shown  by  late  researches. 
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tliftt  the  nucleus  of  tlie  cell  does  not  disappear,  as  maintained  by  S 
when  its  development  is  complete  ;  for  this  has  been  demonstrated  in  6 
tubular  fibres  of  muscular  tissue  (which  are  formed,  like  ducts  in  Plants, 
by  the  union  of  several  continuous  cells,  §  67)  and  in  many  other  situa- 
tions. Where,  however,  in  the  process  of  transformation  into  an  entirely 
different  tissue,  the  parent  cell  gives  origin  to  fihres,  the  nucleus  is  ob- 
served to  disappear ;  and  this  in  proportion  to  the  completeness  of  the 
transformation  {§  43)  ;  so  that  there  seems  good  reason  for  the  belief  tiinl 
such  fihres  are  really  elongated  cells,  which  take  their  origin  in  its  granulnr 
germs.  Another  curious  illustration  of  the  same  view  will  be  found  in  the 
history  of  the  so-called  Spermatozoa  {5  607).  The  foregoing  statements 
deriic  additional  support,  from  some  observations  which  have  been  recently 
made  on  the  structure  and  development  of  hair.*  It  appears  that  esdi 
hair  may  he  separated,  by  the  agency  of  acids,  and  by  other  means,  intu  i 
set  of  still  more  minute  fibres ;  every  one  of  which  is  an  elongated  cell,  in 
which  the  nucleus  may  he  distinguished-  These  fibres  are  arraugcJ  in 
bundles,  the  origin  of  which  may  he  pretty  clearly  traced  to  cells  coutainiil 
in  the  hair-huJb.  If  we  consider,  as  there  seems  good  reason  to  do,  tiwi 
every  one  of  the  last-mentioned  cells  gives  origin  to  a  bundle  of  fibres,  in 
the  same  manner  as  does  that  of  the  cortical  substance  of  the  feather  (5  43), 
and  that  the  fibres  are  really,  in  both  instances,  elongated  secondary  cell", 
we  perceive  how  close  is  the  correspondence  between  these  two  atructum 
in  the  mode  of  their  development,  at  the  same  time  that  we  recognize  the 
operation  of  a  general  principle,  which  seems  capable  of  very  extenfflv* 
application,  in  Plants  (§411)  as  well  as  in  Animals.  As  the  best-ascertaiufd 
general  facts,  regarding  the  transformation  of  the  vesicular  structure  iuw 
the  permanent  tissues,  have  been  already  included  in  the  description  of  ibe 
latter,  more  need  not  here  be  stated  on  the  subject ;  but  it  remains  to  en- 
quire, what  part  is  performed  by  the  several  constituents  of  the  blood,  in 
the  origin  and  support  of  the  Animal  fabric. 

431.  It  has  been  already  stated,  that  recent  enquiries  on  the  stmctiiit 
of  the  Biood-corpuscles,  have  led  to  the  belief  that  they  are  to  be  reganW 
as  isolated  vesicles,  enjoying,  like  the  separate  cells  of  the  simplest  Plauls, 
a  certaui  amount  of  independent  vitahty.  From  Dr.  Barry's  observations 
(which  here  fall  in  with  those  long  ago  made  by  Leenwenhoeb,  as  well  as 
with  the  contemporary  statements  of  Owen  and  Gulliver,)  it  appears,  llwl 
the  corpuscles  have  the  power  of  reproducing  themselves,  by  the  develiip- 
inent  of  the  granular  particles  of  the  nuclei  into  new  cells,  to  the  uumber 
of  sL\  in  each  disk  (Fig.  262) ;  and  that  these,  escapmg  by  the  niptun;  of 
the  parent  cell  (Fig.  263),  constitute  the  smaller  globules  already  i 
tioned  as  existing  in  the  blood  (known  under  the  name  of  lymph-globnll 
and  finally  develope  themselves  into  the  ordinary  blood-disks,  to  u 
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similar  changes  in  their  turn.*  The  fint  blood-diska,  which  make  their 
appearance  in  the  incipient  hlood-vt^ssela  of  the  germinal  memhrane 
(%  374),  must  originate  in  its  own  cells ;  eiuee  they  are  certainly  not 
derived  from  the  parent  in  any  more  direct  manner  than  this. 

432.  Dr.  Barry  has  further  attempted  to  trace  the  conversion  of  the 
Wood-disks  into  cells  of  various  forms,  constituting  parts  of  organised 
tissnes.  He  states  lliat  the  sanguineous  fluid  effused  on  the  lining  mem- 
brane of  the  Fallopian  tube  of  the  Rabbit,  during  the  condition  of  its 
greatest  aetiiity,  contains  blood-disks  wliieh  perform  energetic  movements, 
and  which  rapidly  exhibit  various  and  spoataneous  changes  of  form 
(Fig.  2G4),  as  if  they  were  endowed  with  a  higher  degree  of  vitality  than 
usual.  The  ultimate  purpose  of  this  deposition  appears  to  he  the  forma- 
tion of  a  new  envelope  to  the  ovum  as  it  passes  along  the  tube, — namely 
the  chorion.  This  membrane  is  stated  by  Dr.  Barry  to  he  distinctly 
composed,  in  the  first  instance,  of  an  aggregation  of  blood-disks  more  or 
less  altered  in  form  (Fig.  269),  The  vesicles,  however,  subsequently 
undergo  considerable  transformation ;  the  principal  of  which  is  the  put- 
ting forth  of  ramilying  prolongations  (somewhat  resembling  those  of 
pigment-cells),  by  the  interlacement  of  which,  a  much  greater  iinnnesa  is 
given  to  the  tissue,  and  which  ako  form  the  villous  filaments  that  sub- 
sequently characterise  it.  Dr.  Barry  has  further  seen  the  blood-corpuscles 
transformed  (in  the  same  situation  as  before)  into  neeklace-like  fibrils 
(Fig.  266,  2(i7),  which  correspond  so  nearly  with  the  first  stage  of  the 
formation  of  muscular  fibre,  that  he  adopts  the  opinion  that  the  myolema, 
or  membranous  tube  of  each  fibre,  is  formed  by  a  series  of  such  altered 
vesicles,  and  the  ultimate  fibrils  of  the  muscle  by  a  subsequent  deposit  within 
this  (§  64,  67).  Such  an  idea,  howet'cr  ingenious,  cannot  be  at  present 
regarded  as  more  than  a  speeidative  one.  In  the  capillary  vessels  of  the 
Fallopian  tube  itself,  whilst  in  the  same  condition,  Br.  Barry  has  observed 
that  the  corpuscles  are  crowded  together,  so  as  to  have  their  sides  flattened 
ng^st  each  other  (Fig.  2fiB) ;  in  this  state,  the  fluid  portion  of  the  blood 
\i  almost  excluded,  and  little  or  no  motion  can  take  place,  lie  has  also 
seen  on  the  inner  surface  of  the  tube,  a  sort  of  network  formed  by  the 
ce  of  altered  blood-disks,  so  closely  resembling  the  finest  ramifi- 
f  capillaries,  as  to  suggest  the  idea  that  the  cells,  by  the  union  of 
e  cavities  these  canals  are  probably  first  formed  (§  337),  are  in  reality 
i  blood-disks.  Such  a  view  woidd  aceoimt  for  the  fact,  that,  in  the 
y  of  cases,  the  origin  of  vessels  in  coagulated  lymph  or  blood  may 
id  to  the  vessels  of  the  subjacent  membrane,  from  which  hlood-disks 
K  seen  to  pass  into  its  substance,  and  to  arrange  themselves  in  rows,  so 
a  form  as  it  were  tracks  through  the  mass,  which  subsequently  appear 
B  real  vessels.  If  it  be  true  that  blood  and  blood-vessels  ever  originate  in 
«  newly-forming  membrane  itself,  it  must  be  by  a  process  of  conversion 
•  Dr.  Bnrry  im  tl.t-  Corpusi-lpa  of  the  BlouiL     Pliilos.  Ttannact.  ABW, 
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of  its  vesicles  and  cell-germs,  correspondeiit  with  that  which  L 
first  evolution  of  the  circulating  apparatus  (§374). 

4.33.  The  general  results,  then,  of  the  recent  enquiries  into  the  process 
of  Animal  Organisation  appear  to  be  simply  these.  1.  Ail  tissues  originate 
in  vesicles,  resembling  those  of  the  parenchyma  of  Plants  ;  and  they  ac- 
quire their  peculiar  characters  by  a  process  of  subsequent  transformation. 
2.  The  vesicles  may  possess  various  degrees  of  independent  vitality ;  being 
either  completely  isolated,  as  in  the  case  of  the  blood-corpuscles, — ^feebly 
connected,  as  are  those  of  fat,  epidermis,  &c., — united  by  an  interceDulai 
substance,  as  in  cartilage, — interwoven  with  each  other,  without  any  essen- 
tial change  of  character,  as  in  the  chorion, — or  becoming  complctelv 
subservient  to  the  a^regate  hfe,  whilst  giving  up  their  own  individuality,  bi 
undei^oing  transformations  that  unite  them  to  one  another  and  into  a  new 
structure,  or  by  serving  merely  as  the  instruments  for  the  development  of 
a  fabric  altogether  diiFerent.  3.  From  8  single  cell,  as  in  Planis,  anv 
number  may  be  produced ;  but  it  is  only  when  the  development  of  tiit 
individual  cells  is  checked,  so  that  they  undergo  no  essential  transfonria- 
tion,  that  their  energies  are  directed  towards  the  evolution  of  their  genir». 
4.  The  blood  supphes  aU  the  means  required  for  the  development  of  toy 
organised  tissue.  The  larger  disks  certainly  undergo  a  transformation,  lu 
one  instance,  into  the  cells  of  an  organised  tissne,  and  perhaps  in  others ; 
but  in  genera]  it  may  be  surmised,  that  such  cells  take  their  origin  in  the 
smaller  globules,  which,  as  already  mentioned  (§  422),  are  delayed  aianf 
the  sides  of  the  tubes  through  which  they  move,  and  which  have  ei'wi 
been  stated  to  adhere  there,  and  to  become  incorporated  with  their  mlh. 
under  actual  observation. 

434.  The  statement  formerly  made  {§  264),  that  the  function  of  Nuiri' 
tion  is  not  more  immediately  dependent  upon  the  Nervous  System  in 
Animals  than  in  Plants,  derives  remarkable  confirmation  from  the  fact' 
just  detailed  in  regard  to  the  independent  vitaUty  of  the  primitive  cells: 
nevertheless  there  can  be  no  doubt,  that  it  is  greatly  influenced  by  chanj« 
in  the  condition  of  that  system,  whether  these  result  from  states  of  minJ 
or  from  those  of  other  parts  of  the  material  organism.  Thus,  if  a  limb  be 
paralvsed  by  the  division  of  its  nerve,  it  loses  after  a  time  its  healthy  firm- 
ness, its  muscles  become  pale  and  flabby  (sometimes  even  showing  bttlf 
trace  of  true  fibres,  and  losing  their  contractility),  and  it  is  peculiarlv  lisbk 
to  be  injuriously  affected  by  changes  of  temperature,  or  by  external  appli- 
cations, which  produce  no  perceptible  change  in  sound  parts.  Again,  if 
the  nerves  supplying  mucous  membranes  he  divided,  these  parts  are  voj 
liable  to  become  inflamed ;  for  the  secretion  is  no  longer  formed  which 
protects  them  from  the  contact  of  mr  and  of  irritating  matter.  That  tlif 
general  function  is  liable  to  be  influenced  by  the  state  of  the  mind,  everr 
one  must  have  observed  ;  still  this  may  be  effected,  not  only  immediatdy 
by  the  influence  of  the  nerves,  brit  by  an  imperleet  preparation  of  tte 
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alimenUiij  materials  in  the  digestive  ntvitiea,  which  may  result  from 
deficiency  or  want  of  solvent  power  in  their  secretions, — the  formation  of 
these  last  being  manifestly  iu&uenced,  like  nutrition,  by  the  condition  of 
the  system  at  loi^e.  The  doctrine  of  the  dependence  of  animal  nutrition 
on  the  influence  of  the  nervous  centres,  is  opposed  to  the  fact  that,  in  the 
early  evolution  of  the  organism,  its  processes  go  on  most  energetically, 
long  hefore  these  nen'ous  centres  are  fomieil,  and  even  before  the  presence 
of  nervous  matter  can  be  detected  ;  and  tliat  the  formative  processes  by 
which  new  structures  are  created  in  the  adult  appear  equaDy  removed 
from  their  direction.  In  the  present  state  of  our  knowledge,  we  can 
only  refer  these  processes  to  the  property  which  hving  structures  appear 
to  possess,  of  converting  into  textures,  similar  in  character  to  their  own, 
certain  proximate  principles  endowed  with  a  capacity  of  being  thus 
organised. 


f. 


CHAPTER   IX. 


Genera!  Consideratimix. 


435.  The  function  of  Respiration  esseotially  consists,  as  formerly  stated 
(5  254),  in  the  interchange  of  ingredieuts  between  the  nutritious  fluid  and 
tbe  surrounding  medium.  The  immediate  object  of  tliis  interchange  ap- 
pears to  be  the  extrication  of  the  superfluous  carbon  of  the  system  in  a. 
gaseous  form  ;  and  so  far  Reapiratiou  may  be  regarded  simply  in  the  hght 
of  an  Excretory  Function.  Of  aU  the  Excretions,  however,  this  constant 
separation  of  carbon  is  the  most  important ;  since  we  find  that,  if  it  be 
completely  suspended  for  a  short  time  only,  the  life  of  a  being  in  full 
activity,  and  possessing  a  high  organisation,  is  soon  destroyed.  The 
special  object  of  the  excretion  of  carbon  in  a  gaseous  form  would  seem  to 
be  the  maintenance  of  the  temperature  proper  to  the  being,  by  means  of 
the  heat  evolved  in  its  combination  with  oxygen.  This  is  most  evident  in 
(he  higher  Animals,  and  in  Insects,  in  which  the  Respiration  is  most 
active.  It  would  at  first  appear  as  if,  in  the  lower  Animals,  and  in  the 
whole  Vegetable  Kingdom,  the  Respiratory  process  could  not  have  this 
purpose,  since  they  do  not  maintain  a  temperature  much  above  that  of  the 
surrounding  mediiun  ;  hut  it  will  hereaftir  be  seen  that  even  these  have 
the  power  of  resisting  cold,  which  inorgamc  bodies  do  not  possess,  and  that 
in  many  there  are  periods  at  which  a  considerable  evolution  of  heat  takes 
place,  always  corresponding  with  an  increased  amount  of  Respiration  In 
addition  to  the  reason  just  given  for  considering  the  extrication  of  carbon 
ty  the  Respiratory  organs  as  a  branch  of  the  more  general  function  of 

IEwretion,  it  may  be  stated  that  our  lately  increased  knowledge  of  the 
fcocture  of  Glands  enables  us  to  percene,  that  the  ReapHAU»t>  nt^ims 
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pascntifllly  correspoDd  with  them  ;  whether  these  organs  are  formed 
external  prolongations — such  as  the  leaves  of  Plants,  or  the  g^lli 
Animals, — or  into  the  internal  cavitica  which  constitute  the  lungs  of  the 
air-breathing  Tertebrata.  The  modifications  which  exist  have  all  reference 
to  the  peculiar  conditions  required  for  this  function, — namely,  the  exposure 
of  the  nutritive  fluid  to  atmospheric  air  (either  in  a  pure  state  or  as  con- 
tained in  water),  through  the  medium  of  a  tbin  membrane  ;  and  it  is  veir 
obvious  that  provision  must  be  made,  not  only  for  the  constant  transmia- 
sion  of  this  fluid  through  the  respiratory  apparatus,  but  for  a  continual 
renewal  of  the  air  in  contact  with  the  outer  surface  of  the  membraue. 

436.  The  excretion  of  carbon  in  a  gaseous  form  is  not  the  only  object  of 
the  Respiratory  process,  although  the  one  to  wldch  it  is  chiefly  subsenieut, 
It  will  hereafter  be  shown  that,  though  an  Animal  may  continue  to  live  for 
some  time,  if  this  excretion  he  maintained  by  other  means  than  the  intro- 
duction of  an  oxygenated  gas  into  the  lungs,  it  will  at  last  die  for  want  of 
oxygen,  A  frequent  supply  of  this  element  appears  almost  as  necessary  to 
thevitalactivity  of  all  organised  beings,  asis  the  removal  of  their  supcrflaous 
carbon  ;  and  this  is  more  evident  in  proportion  to  the  ener^  and  varieiv 
of  the  actions  which  the  organism  performs.  At  the  same  time  that 
carbonic  acid  is  being  evolved  by  the  nutritious  fluid,  and  removed  by  the 
surrounding  medium,  oxygen  is  being  absorbed  by  it,  and  conveyed  to  llie 
different  parts  of  the  organic  structure.  We  shall  presently  see  reason  to 
believe  that  the  two  changes  are  connected  by  physical  laws  ;  and  that  die 
introduction  of  oxygen  may  be  regarded  as  a  second  important  object  of 
the  evolution  of  carbon  in  a  gaseous  form.  In  the  simplest  Animals  wiii 
Plants,  every  part  of  the  tissues  becomes  oxygenated  by  its  own  contact 
with  the  surrounding  medium  ;  but  in  the  liigber  tribes,  tMs  function  is 
performed  as  it  were  by  proxy,  the  circulating  fluid  briug^g  them  iatit 
relation  with  it,  by  conveying  to  them  the  oxygen  they  require.  In 
Animals  whose  blood  contains  a  large  quantity  of  red  particles,  it  seemi 
to  be  to  these  that  the  office  is  principally  deputed ;  they  may  be  regarded 
as,  in  this  respect,  the  representatives  of  the  solids  in  the  hlood  ;  and  "p 
find  their  amount  to  hear  a  pretty  close  relation  with  the  activity  of  the 
Hespiratory  fuuctiou.  Besides  the  evolution  of  carbonic  acid,  and  tlu 
absorption  of  oxygen,  it  would  appear  that  the  exposure  of  the  orculatiiig 
fluid  to  the  air  is  the  means  of  keeping  the  nitrogen  of  the  system  at  id 
proper  standard ;  and  in  Plants,  carbon  is  introduced  into  the  fluid  fiun 
the  atmosphere,  as  well  as  excreted  by  it.  AH  these  changes  may  be  wm- 
prehended  under  the  term  uerafion  ;  and  they  would  seem  to  take  pl»c* 
under  the  same  general  conditions  ;  hut  it  is  to  the  two  first  that  the  tcnn 
Respiration  strictly  belongs ;  and  the  last,  as  will  presently  appear,  may  Iw 
considered  in  a  hght  entirely  different  (§  440). 

437.  The  aeratuin  of  the  nutritious  fliud  would  appear  to  be,  Ukf 
absorption,  a  change  dependent  on  physical  laws,  and  occurring  iu  wn- 
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formitj  with  them,  when  the  requisite  conditions  are  supplied  by  the 
structures  of  an  organised  being,  and  by  the  functional  alterations  which 
the  Uving  state  involyes.  The  physical  laws  alluded  to,  and  the  pheno- 
mena which  are  exhibited  in  conformity  with  them,  will  be  now  briefly 
described. 

438.  All  gases  of  different  densities,  which  are  not  disposed  to  unite 
chemically  with  one  another,  have  a  strong  tendency  to  mutual  admixture. 
Thus,  if  a  vessel  be  partly  filled  with  hydrogen,  and  partly  with  carbonic 
add,  the  latter,  which  is  22  times  heayier  than  the  former,  will  not  remain 
at  the  bottom,  but  the  two  gases  will  be  found  in  a  short  time  to  have 
uniformly  and  equably  mixed  ;  and  it  is  on  this  principle,  that  the  consti- 
tution of  the  atmosphere  is  every  where  the  same,  although  the  gases 
which  compose  it  are  of  very  different  specific  gravities.  The  same  ten- 
dency exists  also  with  regard  to  two  volumes  of  the  same  gas  or  mixture, 
possessing  different  degrees  of  heat,  and  therefore  different  densities,  until 
by  their  mutual  penetration  the  temperature  becomes  the  same  throughout. 
So  strong  is  this  tendency  to  admixture  on  the  part  of  different  gases,  that 
it  will  take  place  when  a  membrane  or  other  porous  medium  is  interposed 
between  them.  When,  for  instance,  a  bladder  of  hydrogen  is  placed  in  an 
atmosphere  of  carbonic  acid,  a  certain  quantity  of  hydrogen  will  pass  out ; 
but  a  much  larger  proportion  of  carbonic  acid  will  enter,  so  as  to  distend 
the  bladder  even  to  bursting.  This  interchange,  therefore,  evidently  resem- 
bles the  endosmose  and  exosmose  of  fluids  (§  288) ;  and  although  the 
tendency  to  admixture  of  the  two  gases  is  the  Amdamental  cause  of  their 
movement,  the  nature  of  the  septum  has  so  much  influence  over  the  phe- 
nomenon as  sometimes  to  reverse  the  results.  When  plaster-of-paris  is  em- 
ployed as  the  medium  of  diffusion,  the  exchange  will  take  place  with  simple 
relation  to  the  relative  densities  of  the  gases  ;  and  a  general  law  has  been 
ascertained  by  Prof.  Graham,  which  apphes  to  all  instances, — that  the 
replacing  or  mutual-diffiision  volumes  of  different  gases  vary  inversely 
as  the  square-roots  of  their  densities.  Thus,  if  a  tube,  closed  at  one  end 
with  a  plug  of  plaster-of-paris,  be  filled  with  hydrogen,  the  gas  will  soon 
be  entirely  removed,  and  will  be  replaced  by  something  more  than  one 
fourth  of  its  bulk  of  atmospheric  air ;  the  density  of  hydrogen  being  about 
i  that  of  the  atmosphere.  But  when  organic  membranes  are  employed, 
the  result  is  much  influenced  by  the  relative  facility  with  which  each  gas 
permeates  the  septum.  Thus,  carbonic  acid  passes  through  moist  bladder 
much  more  readily  than  hydrogen  ;  and,  in  consequence,  the  result  occurs 
which  has  been  mentioned  above,  and  which  seems  contrary  to  the  law  just 
stated.  It  would  not  seem  improbable,  that  the  phenomenon  of  endosmose 
is  dependent  upon  laws  precisely  similar,  and  that  its  anomalies  are  of  a 
kind  which  experiments  on  the  gases  would  much  elucidate. 

439.  Further,  it  is  found  that,  if  a  fluid  be  charged  with  any  gas  which 
it  wiU  absorb  (as,  for  example,  water  with  carbonic  add),  \t  vi'iW  s^e^^^ 
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part  with  it  when  exposed  to  the  attracting  influence  of  nnotber  | 

as  atmospheric  air  ;  and  the  more  different  the  densities  of  the  t 
the  more  rapidly,  and  witli  more  force,  will  this  take  place, 
former  instance,  this  attraetion  will  go  on  with  httle  interruption  through 
B  porous  ntemhrane  ;  and  part  of  the  exterior  gas  will  be  absorbed  by  the 
fluid  (if  of  a  nature  to  he  so  imbibed)  in  place  of  that  which  has  been 
removed.  These  simple  phenomena  will  be  found  a  key  to  the  explana- 
tion of  the  changes  which  take  place  in  the  aeration  of  the  circulatbg 
fluid  by  exposure  to  air  ;  for  it  seems  a  universal  fact,  that  oarlmaic  add 
existing  in  that  fluid  is  exhaled,  and  is  replaced  by  absorbed  oxygen ,-  and 
that  an  exhalation  and  absorption  of  nitrogen  take  place  iu  animals,  aail 
perhaps  also  in  plants.  -^h 

Respiration  in  Plants.  ^H 

440.  As  already  stated  (§  277),  two  distinct  changes,  both  nearly  con- 
stant throughout  the  Vegetable  kingdom,  have  been  associated  nnder  lliis 
function.  The  air  being  the  chief  source  whence  carbon  is  supplied  to  tin- 
living  plant,  the  introduction  of  that  element  has  been  confounded  with 
the  contrary  change,  which  is  also  necessary  for  the  continued  health  if 
the  structure,  and  which  corresponds  exactly  with  the  respiration  of  Aui- 
mals.  The  introduction  of  carbon  is  effected  by  the  power  which  the 
surfaces  of  Plants  possess  (especially  those  which  are  green)  of  decom- 
posing, under  the  stimulus  of  light,  the  carbonic  acid  contained  in  the 
atmosphere.  This  process  is  one  which  our  knowledge  of  the  appliealiwi 
of  physical  laws  can  hut  little  elucidate,  and  we  must  be  content  to  regard 
it  as  a  phenomenon  of  an  essentially  vital  character.  Its  conditions  mtT, 
however,  be  advantageously  enquired  into.  If  we  place  some  fresh  leavfs 
in  an  inverted  jar,  containing  an  atmosphere  charged  with  7  ot  S  per  cenl. 
of  carbonic  acid,  and  expose  them  to  strong  sun-light  for  a  few  boun.  il 
will  he  found  that  a  large  proportion  of  the  carbonic  acid  will  have  dis- 
appeared, and  will  be  replaced  by  pure  oxygen.  If,  on  the  contraiy,  ne 
cause  a  plant  to  grow  in  a  dark  situation,  with  even  a  less  proportion  of 
carbonic  acid  in  the  atmosphere  around  it,  it  will  soon  become  sickly  ami 
die ;  and  if  in  common  air,  under  similar  circumstances,  it  will  lose  its 
colour,  and  thus  be  etiolated  or  blanched,  from  the  want  of  the  supply  of 
carbon  which  it  can  only  obtam  under  the  influence  of  light.  It  is  fbiiiM! 
that  no  degree  of  artificial  light  will  produce  this  change ;  and  that  tlw 
proportion  of  carbonic  acid  in  the  atmosphere  is  that  which  is  most 
favourable  to  growth  under  the  average  amount  of  the  stimulus  whicti 
this  climate  affords. 

441.  As  to  the  organs  by  which  this  process  of  digestiim,  as  it  ni»v 
reasonably  be  called,  is  performed  by  the  difterent  classes  of  Plants,  it  is 
difficult  to  speak  with  certainty.     In  tlie  Phanerogamia,  the  green  siir- 
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faces  of  the  leaves,  steins,  &c.,  are  those  by  which  the  fixation  of  carbon 
is  chiefly,  if  not  entirely  effected.  In  general,  it  is  by  the  Upper  side  of 
the  leaf  that  the  greatest  amount  of  this  function  is  performed ;  as  would 
be  supposed  from  its  greater  exposure  to  the  light,  and  as  is  eyinced  by 
its  brighter  colour.  But  in  other  cases,  the  two  sides  are  equally  exposed 
to  light,  and  then  their  colour  is  the  same.  In  the  ferns,  mosses,  &c. 
there  is  the  same  separation  of  parts  as  in  the  Flowering  plants  ;  and  the 
process  is  here  also,  without  doubt,  performed  by  the  green  parts  of  the 
surface.  Of  the  inferior  Cryptogamia,  however,  we  know  very  httle. 
The  FUNGI  would  not  seem  to  depend  upon  the  atmosphere  for  any  part 
of  their  supply  of  carbon,  which  is  altogether  furnished  by  their  peculiar 
aUment  (§  277)  ;  and  these  plants  scarcely  ever  present  any  green  surface, 
and  flourish  most  in  situations  to  which  light  has  hut  httle  access.  The 
same  may  be  said  of  the  Cuscuta  (dodder)  and  other  parasitic  plants 
of  more  complex  structure,  that  hve  upon  the  prepared  juices  they  derive 
from  the  plant  to  which  they  attach  themselves.  There  can  be  no  doubt 
that  LICHENS  obtain  the  carbon  which  enters  into  their  structure  almost 
entirely  from  the  atmosphere,  and,  that  the  alg^e  are  supported,  in  like 
maimer,  by  the  carbonic  acid  contained  in  the  circumambient  water  ;  but 
experiments  are  yet  wanting  to  ascertain  the  precise  conditions  under 
which  its  assimilation  is  effected.  Few  Lichens  have  any  green  surfaces ; 
and  although  many  of  the  Algae  are  very  brilhantly  coloured,  yet  we  find 
them  occasionally  existing  at  such  depths,  as  forbid  us  to  beheve  that  hght 
is  the  only  stimulus  under  which  they  can  attain  this  appearance.  Thus, 
Humboldt  found  near  the  Canaries  a  species  of  Fucus  which  was  bright 
grass-green,  although  it  had  grown  at  a  depth  of  190  feet,  where  the  Ught 
could  only  have  been  lAoth  part  as  intense  as  at  the  surface.  The  simpler 
forms  of  Algse,  especially  the  Con/ervie,  which  inhabit  fresh  water,  appear 
to  exercise  an  important  influence  in  maintaining  it  in  a  state  fit  for  the 
support  of  animal  life  ;  since  it  seems  probable  that  they  absorb  the  pro- 
ducts of  the  decomposition  of  that  foul  matter  by  which  all  ponds  and 


•  A  very  ingenious  theory  has  been  raised  by  M.  Brongniart  upon  the  fact,  that  an 
increased  quantity  of  carbon  may,  under  particular  circumstances,  be  assimilated  by 
Vegetables.     He  supposes  that,  at  the  epoch  of  the  growth  of  those  enormous  primeval 
forests  which  supplied  the  materials  of  the  coal  formation,  the  atmosphere  was  highly 
chaiged  with  carbonic  acid,  as  well  as  with  humidity ;  and  that  from  this  source,  the 
Ferns,  Lycopodiacese,  and  Coniferse  of  that  era  were  enabled  to  attain  their  gigantic  deve- 
lopment.    He  imagines  that  they  not  only  thus  converted  into  organised  products  an 
immense  amount  of  carbonic  acid,  which  had  been  previously  liberated  by  some  changes 
in  the  mineral  world,  but  that,  by  removing  it  from  the  atmosphere,  they  prepared  the 
earth  for  the  residence  of  the  higher  classes  of  Animals.     The  hypothesis  is  a  very  inter- 
wting  one,  and  well  deserves  consideration  ;  but  it  may  reasonably  be  enquired,  whence 
*»»  derived  the  increased  light,  which  would  be  necessary  (unless  the  laws  of  the  vegetable 
economy  at  that  period  were  different  from  those  now  in  operation)  for  the  increased  assi- 
oiilation  of  carbon  to  any  such  extent. 
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streams  are  constantly  being  polluted,  and  at  the  same  time  yield  a 
of  oxygen  to  the  water.* 

442.  The  change  which,  strictly  speaking,  constitutes  the  Respiratim 
of  Vegetables  is  not,  like  that  we  have  been  describing,  an  occasional  one ; 
but  is  constantly  taking  place  during  the  whole  life  of  the  plant,  snd 
appears  to  be  more  immediately  necessary  to  its  healthy  existence.  This 
consists  in  the  disengagement  of  the  superfluous  carbon  of  the  system, 
either  by  combination  with  the  oxygen  of  the  air,  or  (which  is  most 
likely)  by  replacing  with  carbonic  acid  the  oxygen  that  has  been  ab- 
sorbed from  it.  The  Respiration  of  Vegetables  ia  performed  in  part  by 
their  dari  surfaces,  and  partly  also  by  the  covering  of  the  leaies.  It 
does  not  cease  by  day,  by  night,  in  sunshine,  or  in  shade ;  and  it  ha« 
been  shown  that  the  leaves  continue  to  disengage  carbonic  acid,  eveu 
under  the  circumstances  when  the  jixaikni  of  carbon  is  most  actively  pet- 
formed. f  If  the  function  he  checked,  the  plant  soon  dies, — aa  whr-a 
placed  in  an  atmosphere  with  a  large  proportion  of  carlionic  acid,  oud 
without  the  stimulus  of  light  which  enables  it  to  decompose  the  deleterious 
gas.  Plants  which  are  being  etiolated  by  the  want  of  hght,  absolutely 
diminish  in  the  weight  of  their  sohd  contents,  owing  to  the  contiiuieil 
escretion  of  carbon  by  the  respiratory  process,  although  their  bulk  may 
be  much  increased  by  the  absorption  of  water ;  and  if  the  proportion  of 
carbonic  acid  in  the  surrounding  air  be  increased  by  its  accumulation, 
they  become  sickly  and  die,  from  the  impediment  to  their  respiralion. 
The  parallel,  therefore,  between  Plants  and  Animals  appears  to  be  coin- 
plete  as  regards  the  influence  of  carbon  upon  their  growth ;  for  to  both  it 
is  deleterious  when  breathed,  and  to  both  it  is  invigorating  to  the  digeatirt 
system  when  absorbed  as  food. 

443.  It  becomes  a  question  of  much  interest  to  ascertain  the  reUtivc 


IS  fact  that  Eahea  are  never  so  hEnltliy  in  raserroin  destitute  of  nquili' 
planU,  HS  in  ponda  luid  gtreaniB  in  wliicli  these  abound.  Besides  the  use  of  tlieiK  pliuiU  in 
setting  free  oxygen  in  the  water,  it  is  not  impoBsible  that  the  jelly-worl*  (as  some  of  Ihem 
are  occaaioually  called)  enahle  the  fluid  to  ret^o  u  larger  quantity  of  gafl  in  miiture"J^ 
it,  than  pure  water  would  do ;  for  it  appears  that,  like  some  mucilaginous  bevemges  (beo 
or  ale,  for  eiample),  such  water  gives  out  by  heat  or  in  a  vacuum  a  larger  proportion  «f 
air  than  it  naturally  contains  (Burnett's  Botany,  p.  7?),  The  floating  islands  which  it 
constantly  being  formed,  in  the  lake  Soliktara  in  Italy,  exhibit  a  striking  enample  of  lh« 
luxuriance  of  uryptogamie  vegetation  iu  aa  atmoaphGre  impregnated  with  carbonic  v^ 
These  islands  consist  chiefly  of  Confbrvffi  and  other  simple  cellular  plants,  ubich  art 
copioualy  supplied  with  nutriment  by  the  carbonic  acid,  that  is  constantly  etcaping  bm 
the  bottom  of  the  lake,  with  a  violence  which  gives  to  the  water  an  appearance  of  ebulli- 
tion (Sir  II.  Davy's  "Consolations  in  Travel,"  3d  cd.,  p.  116).  Dr.  Schteideo  aenliiH 
that  the  TCgetadon  aiounil  the  springs  in  the  valley  of  Goltingen,  wliich  abound  in  cw-  j 
bonie  acid,  is  ¥ery  rich  and  luxuriant ;  appearing  several  weeks  earlier  in  apruig,  »J 
continuing  much  later  iu  autumn,  than  at  other  spots  in  the  same  district  (WiegDialt 
Arcbiv.  m.1838). 
t     Burnett  in  Journal  of  the  Unyul  Institution,  N,  8.  vol  i. 


RESPIRATION    IN    PLANTS.  339 

I  «mount  of  carbon  thus  absorbed  aud  escreted  by  Vegetables.  If  it  be 
true,  as  was  stated  (^  276),  that  a  lai^e  part  of  the  solid  materials  of 
their  tissues  is  derived  from  the  atmosphere,  it  would  be  evident  that  the 
quAutity  of  carbonic  acid  ia  the  air  must  be  diminished  by  their  growth. 
This,  from  the  best-conducted  experiments,  appears  to  be  the  case ;  for 
the  amount  of  carbon  assimilated  by  a  healthy  plant,  during  a  period  of 
ordiaarily  dear  weather,  is  found  to  exceed  that  exhaled  by  respiration ; 
although  the  former  is  an  occasional  change,  and  the  latter  a  constant  one. 
From  the  data  presented  to  us  by  Dr.  Daubeny,  it  is  shown  that  a  plant 
eonsisting  of  leaves  and  stems,  if  confined  in  the  aaiue  portion  of  air,  day 
xnd  night,  and  duly  supplied  with  carbonic  acid  gas  during  sunshine,  will 
go  on  adding  to  the  proportion  of  oxygen  present,  so  long  as  it  continues 
healthy ;  the  slight  diminution  of  oxygen  and  increase  of  carbonic  acid 
which  take  place  during  the  night,  bearing  no  considerable  ratio  to  the 
I  tl^ree  in  which  the  opposite  effect  occurs  by  day. 

b  44-1.  There  is  one  tribe  of  plants,  the  FUNGI,  in  which  we  see  the  efTects 
Jrf  a  Respiration  performed  almost  as  actively  as  that  of  animals,  and  un- 
■jebscured  by  any  opjiosiug  changes.  From  the  late  experiments  of  Marcet, 
■it  appears  that  growing  mushrooms  absorb  from  the  air  a  large  quantity  of 
P4j^^n ;  a  portion  of  which  afipears  to  combine  with  the  carbon  of  the 
1  plant,  and  thus  to  form  the  carbonic  acid  which  replaces  it;  whilst  the  rest 
seems  to  be  retained  in  its  structure.  The  large  quantity  of  carbonic  add 
I  from  the  soil  in  which  alone  the  Fuugi  thrive,  renders  it 
y  that  the  superabundant  carbon  of  the  plant  should  be  constantly 
Lcemoved  by  the  atmosphere,  instead  of  any  addition  being  received  through 
t  medium  (§  '277)- 

445.  The  balance  of  nutrition,  therefore,  between  the  Animal  and  Vege- 
table Idngdoms  is  thus  maintained  in  a  very  perfect  and  interesting  manner. 
Plants  convert  the  carbonic  acid  of  the  atmosphere  into  organised  tissues, 
ilthough  the  conditions  of  their  growth  require  that  part  of  the  materials 
o  introduced  should  be  restored  to  the  surrounding  medium  ;  these  tissues 
e  for  the  nutritiou  of  the  whole  Animal  kingdom,  which  is  immediately 
V  remotely  dependent  upon  them ;  and  the  lai^  amount  of  carbonic  acid 
I  is  constantly  being  excreted  from  their  bodies  in  the  living  state, 
»hBps  owing  to  a  slow  decomposition  of  their  structures,  §  19),  with 
t  disengaged  during  their  final  decay,  restore  to  the  atmosphere  the 
ini^edients  which  are  required  for  the  tuatntenance  of  fresh  generations  of 
o^;amsed  beings. 

t446.  With  regard  to  the  changes  effected  by  vegetation  upon  the  prin- 
npal  constituent  of  tlie  sir — nitrogen— no  very  certain  or  definite  statement 
nn  be  made.  It  has  long  been  known  that  this  element  enters  largely  into 
tome  of  the  products  of  secretion ;  but  it  has  been  usually  supposed  not  to 
constitute  a  part  of  the  organised  structures  themselves.  The  experiments 
of  M.  Payen  already  alluded  to  (§  294),  however,  shovieA  1\\b.\,  \Nv*;  tw?.aft 


^  necessary 
^L'Cemoved 
Htduttmed 
W     445.  1 


of  the  absorbent  vessels,  especially  near  the  estremities  of  the  roots,  i 
acted  on  by  tannia  in  the  same  manner  aa  animal  membrane,  and  then 
fore  probably  contains  an  azotiscd  jiriuciplc.  And  the  recent  analyses  of 
Mr.  Rigg*  seem  to  hate  proved  the  esistence  of  this  element  as  an  essen- 
tial constituent  of  all  those  parts  of  the  Vegetable  structure,  which  perfomi 
the  most  important  offices  in  the  economy.  It  has  been  already  stated 
that  the  nitrogen  required  by  Plants  appears  to  be  derived  by  them,  nol 
directly  from  the  atmosphere,  bnt  by  the  decomposition  of  the  ammonia 
absorbed  by  the  soil,  and  taken  up  in  solution  by  the  roots  (§  277);  indeed 
proof  is  wanting  that  the  free  nitrogen  of  the  air  has  any  concern  with 
Vegetable  Respiration  ;  for  the  few  experiments  which  have  been  per- 
formed with  express  view  to  this  snbject,  lead  to  the  belief  that  a^ote  is 
more  frequently  exhaled  than  absorbed.  Wherever  the  Plant  is  supplied 
with  rich  animal  manures,  the  fluids  absorbed  from  which  contain  more 
azote  than  it  can  assimilate,  we  should  espect  to  find  it  disengaged  iu  some 
quantity  ;  this  is  the  case  in  the  Fungi,  although  their  own  tissue  contains 
more  nitrogen  than  that  of  any  other  tribe  of  plants. 

447.  There  are  two  periods  during  the  life  of  Plants  in  which  the 
function  of  Respiration  appears  to  go  on  with  remarliable  activity.  The 
first  of  these  is  germination,  or  the  development  of  the  young  plant  from 
seed  (§  76),  which  requires  that  the  starch  laid  up  by  the  parent  for  the 
support  of  the  embryo  should  be  converted  into  sugar,  the  latter  being 
the  form  in  which  it  is  applied  to  the  purposes  of  nutrition.  This  ccD- 
version  (§  403)  involves  the  Hberation  of  a  quantity  of  carbon,  whieh  is 
disengaged  precisely  in  the  manner  iu  which  it  is  set  free  at  a  later  periuJ 
of  vegetable  life,- — namely,  by  its  combination  with  the  oxygen  of  the  sur- 
rounding atmosphere.  The  atmosphere  is  not  the  only  source,  however, 
from  which  oxygen  is  obtained  by  the  germinating  seed.  From  the  hSe 
CJqreriments  of  Edwards  it  appears,  that  there  is  an  actual  decompositioa  of 
the  water  which  is  known  to  be  essential  to  the  process.  He  found  tli»l, 
if  seeds  be  made  to  germinate  under  water,  small  hubbies  of  gas  proceed 
from  it ;  and  that  these  consist  of  carbonic  acid,  with  a  very  small  propor- 
tion of  nitrogen.  It  is  evident,  therefore,  that  the  oxygen  which  fonns 
part  of  the  carbonic  acid  cannot  be  all  derived  from  the  atmosphere,  or  an 
equivalent  amount  of  nitrogen  woidd  escape  ;  bnt  that  it  must  be  obtmned 
by  decomposition  of  the  water,  of  which  the  hydrogen  is  received  into  llie 
system  of  the  plant.  Germination  takes  place  most  readily  in  the  dark, 
since  the  most  essential  part  of  the  change— the  extrication  of  carbon- 
would  be  antagonised  by  the  influence  of  light.  Tlie  young  plant  is, 
therefore,  much  in  the  condition  of  one  which  is  being  etiolated  ;  and  it  is 
accordingly  found  that,  during  the  early  period  of  germination,  the  weijrlt' 
of  the  sohd  contents  of  the  seed  diminishes  considerably,  though  its  bul* 

■  Propee(liii|-B  of  (lie  Ito.vftl  Socielj,  May,  1 B3B. 
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increases  by  the  absorption  of  moisture.  This  is  its  state  until  the  cotyle- 
dons or  seed-leaves  have  arrived  at  the  surface,  and  temporarily  perform 
the  Amctions  of  leaves.  It  is  an  interesting  fact  that,  after  many  trials, 
germination  has  been  found  to  take  place  most  readily  in  an  atmosphere 
consisting  of  1  part  oxygen  and  3  parts  nitrogen,  which  is  nearly  the  pro- 
portion of  the  air  we  breathe.  If  the  quantity  of  oxygen  be  much  increased, 
the  carbon  of  the  ovule  is  abstracted  too  rapidly,  and  the  young  plant  is 
feeble ;  if  the  proportion  be  too  small,  carbon  is  not  lost  in  sufficient  quan- 
tity, and  the  young  plant  is  scarcely  capable  of  being  roused  into  Ufe. 

448.  The  changes  which  take  place  during  JUmering  are  very  similar  to 
those  occurring  in  germination.  A  large  quantity  of  oxygen  is  converted 
into  carbonic  acid  by  the  action  of  the  flower ;  and  it  is  believed  that  the 
fecula  or  starch,  previously  contained  in  the  disk  or  receptacle  (§  402),  is 
changed  by  this  process  into  saccharine  matter  adapted  for  the  nutrition  of 
the  pollen  and  young  ovules,  the  superfluous  portion  flowing  off  in  the 
form  of  honey.  It  is  remarkable  that  this  analogy  between  germination 
and  flowering  holds  good,  not  only  in  their  products,  but  in  the  conditions 
essential  to  their  development.  Neither  will  commence  except  in  a  mode- 
rately warm  temperature ;  both  require  moisture,  for  flowers  will  not  open 
unless  well  supphed  with  ascending  sap ;  and  the  presence  of  oxygen  is  in 
each  case  necessary.  It  has  been  well  ascertained  that  the  carbonisation 
of  the  air  bears  a  direct  relation  to  the  development  of  the  glandular  disk, 
and  that  it  is  principally  effected  by  the  essential  parts  of  the  flower,  or 
organs  of  fructification.  Thus,  Saussure  found  that  the  Arum  Italicum^ 
whilst  in  bud,  consimied  in  twenty-four  hours  5  or  6  times  its  own  volume 
of  oxygen ;  during  the  expansion  of  the  flower,  30  times ;  and  during  its 
withering,  5  times.  When  the  floral  envelopes  were  removed,  the  quantity 
of  oxygen  consumed  by  the  remaining  parts  in  proportion  to  their  volume 
was  much  greater.  In  one  instance  the  sexual  apparatus  of  the  Arum 
Italicum  consumed  in  twenty-four  hours  132  times  its  bulk  of  oxygen. 
Saussure  also  observed  that  double  flowers,  in  which  petals  replace  sexual 
organs,  vitiate  the  air  much  less  than  single  flowers  in  which  the  sexual 
organs  are  perfect.     (See  also  §  551.) 

449.  Besides  the  means  of  aeration  which  the  transmission  of  the  nutri- 
tive fluid  to  the  external  surface  aflbrds,  the  more  highly  organised  Plants 
seem  to  have  the  power  of  admitting  air  into  cavities  existing  in  the  leaves 
(especially  beneath  their  inferior  cuticle  Fig.  69),  through  their  stomata  ; 
and  in  this  manner  a  much  larger  extent  of  membrane  is  exposed  to  its 
influence.     The  peculiar  organisation  which  is  probably  subservient  to  this 
purpose  will  be  hereafter  described  (§  496)  under  the  head  of  exhalation, 
for  which  function  it  appears  more  particularly  designed.    But,  superadded 
to  this,  we  find  in  the  Phanerogamia  a  system  of  tubes  apparently  intended 
to  connect  the  interior  of  the  structure  with  the  external  air.     These  are 
the  spiral  vessels  (§  31),  which,  in  their  perfect  form,  ate  ivevex  ^awxAVsi 
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contain  any  but  gaseous  fluids.     In  exogens  they  naually  exist  m 

part  of  the  stem,  being  confined  to  the  medullary  sheath, 
membrane,  principally  formed  by  them,  which  immediately  snrrounds  the 
pith.  In  ENDOGENs  they  are  more  umTersally  distributed  through  the 
stem,  forming  part  of  every  bundle  of  fibro-vascular  tissue.  In  each  case, 
however,  they  traverse  the  stem  for  the  purpose  of  entering  the  leaves; 
and  they  seem  to  communicate  with  the  intercellular  passages,  and,  through 
then-  medium,  if  not  more  directly  (as  some  have  supposed),  with  the 
external  mr.  We  have  already  noticed  the  curious  analogy  between  these 
respiratory  tubes  and  the  trachece  of  Insects  ;  and  although  their  eiact 
office  is  not  fully  ascertained,  there  can  be  little  doubt  that  they  contribnte 
in  some  way  to  the  aeration  of  the  internal  fluids.  It  has  been  found  (bat 
they  contain  a  larger  quantity  of  oxygen  by  7  or  8  per  cent,  than  that  wbicli 
exists  in  the  atmosphere. 

450.  In  a  great  number  of  the  anuatic  tribes,  both  among  the  simpler 
and  the  more  highly  organised  plants,  we  find  cavities  expressly  adajilnl 
for  the  niclusion  of  air,  which  would  seem  designed  to  give  buoyancy  lo  the 
structure.  Thus,  the  roots  of  the  Utrieularia  are  furnished  with  a  ninn- 
ber  of  bladder-like  vesicles;*  the  whole  surface  of  the  Fiini»  vmiculoavi 
(bladder-wrack)  is  studded  with  similar  ones ;  whilst  in  the  leaves  ^  the 
Duck-weed  or  Water-UIy,  or  the  stem  of  the  Ltjmnockaris,  we  find  hollows 
surrounded  with  regularly-built-up  tissue,  evidently  answering  the  same 
purpose.  These  present  aa  obvious  analogy  to  the  air-bags  with  which 
various  aquatic  animals  are  furnished,  from  the  vesicles  of  the  Phytalia 
(Portuguese  man-of-war.  Fig.  140)  to  the  swimming  bladder  of  Fishes.  As 
the  air  which  they  contain  is  seldom  identical  in  composition  with  that  uf 
the  atmosphere,  it  has  been  conjectured  that  they  have  some  connection 
with  the  function  of  Respiration ;  but  on  this  point  no  certain  conclusiuns 
have  been  obtmned.  It  is  desirable,  however,  that  these  regular  air-passages 
should  be  distinguished  from  the  irregular  hollows  which  are  occasiomlly 
found — as  in  the  stems  of  grasses,  umbelliferous  plants,  &c. — and  whjeh 
simjily  result  from  the  expansion  of  the  external  tissues  faster  than  the 
interior  can  be  filled  up  by  the  materials  ready. 

431.  Although  the  leaves  are  to  be  regarded  as  the  special  oi^ans  of 
aeration  in  the  Plauts  furnished  with  them,  yet  there  is  no  doubt  that  the 
remainder  of  the  surface  is  more  or  leas  concerned  in  this  function ;  the 
green  parts  probably  assimilating  carbon  wherever  thev  exist,  and  the  dark 
portions,  especially  the  roots,  disengaging  carbonic  acid.  That  the  access 
of  oxygen  to  the  roots  is  necessary  for  the  health  of  the  plant  is  well 

^  Dunog  certain  Heneona  the  Utrii-'ulonaa  are  wholly  Hubmer^ed,  and  then  tlie  * 
Hre  full  of  water ;  bat  when  the  floweis  begin  to  be  developed,  these  bladders,  lli 
turee  of  which  are  closed  hj  a  eurioua  valve,  hecnmc  filled  with  air.,  which  is  pi 
secreted  bj  their  wall*,  so  that  llio  water  is  espellcd  ;  and  their  buoyancy  auu 
plant  to  Roat  on  the  surface. 
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known ;  but  this  may  be  required  for  the  decomposition  of  the  organic 
matter  which  surrounds  them.  It  has  often  been  found  that,  if  an  addi- 
tional stratum  of  soil  be  laid  over  the  roots  of  a  large  tree,  either  they  will 
send  up  fibres  nearly  to  the  surface ;  or,  if  they  be  not  strong  enough  to  do 
this,  the  tree  will  perish. 

452.  Bearding  the  progressive  evolution  of  the  respiratory  system  in 
Plants,  much  might  here  be  said,  which  will  perhaps  be  more  advanta- 
geously deferred  to  the  account  of  their  general  development  (chap.  xiii.). 
It  may  be  remarked,  however,  that  the  early  condition  of  the  embryo  of 
the  Flowering  plants  resembles,  in  its  want  of  special  organs,  the  simple 
vegetation  of  the  cellular  Cryptogamia,  although  it  differs  in  the  mode  in 
which  nutriment  is  suppUed ;  the  latter  deriving  it  by  their  unassisted 
powers  from  the  surrounding  elements,  whilst  the  former  is  provided  with 
it  by  the  parent.  At  the  first  period  of  the  germination  of  the  seed,  a 
curious  anal(^  may  be  traced  between  the  growing  embryo  and  the  tribe 
of  Fungi.  Both  are  supphed  with  nutriment  previously  organised,  the  one 
fi^m  its  parent  and  the  other  by  the  decay  of  animal  or  vegetable  matter ; 
both  are  developed  most  rapidly  when  supplied  with  warmth  and  moisture, 
and  in  the  absence  of  light ;  and  both  liberate  carbon  to  a  large  amount 
without  assimilating  any  from  the  atmosphere.  By  the  time,  however, 
that  the  cotyledons  have  risen  to  the  surface  and  acquired  a  green  colour, 
the  plant  has  advanced  a  stage  in  its  growth,  and  the  respiratory  system 
has  now  arrived  on  the  level  of  the  Marchantia  (§  89),  possessing,  like  it, 
stomata  and  intercellular  spaces,  but  being  destitute  of  spiral  vessels. 
These  do  not  appear  until  true  leaves  are  evolved ;  and  as  soon  as  this  last 
stage  in  the  development  has  taken  place,  the  cotyledons,  which  may  be 
r^arded  as  temporary  respiratory  organs,  decay  away.  When  we  have 
traced  the  evolution  of  the  respiratory  system  of  Animals  in  a  similar 
maimer,  we  shall  observe  a  most  interesting  correspondence  between  the 
consecutive  phenomena,  as  they  occur  in  the  two  kingdoms. 

Respiration  in  Animals. 

453.  In  the  Animal  Kingdom,  we  find  Respiration  exerting  a  more 
immediate,  though  perhaps  not  in  reality  a  more  powerful,  influence  over 
the  system,  than  in  Vegetables.     The  dependence  of  the  organism  on  the 
constant  stimulus  of  the  circulating  fluid  is  more  evident,  in  proportion  as, 
in  ascending  the  scale,  we  meet  with  greater  variety  and  activity  in  the 
vital  operations.     The  maintenance  of  the  vivifying  powers  of  this  fluid  by 
its  exposure  to  the  atmosphere  is,  therefore,  demanded  more  urgently  than 
the  mere  supply  of  its  deficiency  by  the  ingestion  of  fresh  aliment ;  and  it 
is  accordingly  found  that  many  animals  are  capable  of  subsisting  a  consider- 
able time  without  nourishment,  whilst  there  are  few  which  do  not  speedily 
perish,  or  whose  vital  actions  at  least  are  not  checked,  when  deprived  of  air. 
The  correspondence  between  the  activity  of  this  function  Va  «2aY  \Xk!^N\!^\Mi\ 
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system,  and  its  general  vital  energy,  must  be  evident  to  the  discriminatii 
observer ;  the  comparative  energy  of  the  respiration  in  the  active  and  n 
cioua  Eagle,  and  in  the  timid  and  indolent  Tortoise,  afford  a  ready  illustra- 
tion of  the  connection.  The  development  of  the  locomotive  powers,  and 
the  degree  of  heat  maintained  in  the  system,  which  may  be  regarded  as 
pretty  constant  indications  of  the  general  activity  of  its  oi^anic  functions, 
will  be  found  peculiarly  connected  with  that  of  Respiration.  In  making 
comparisons  of  this  kind,  however,  we  must  bear  in  otiud  that  the  absolute 
amomit  of  Respiration  does  not  depend  upon  the  comparative  bulk  of  the 
organs,  but  on  the  extent  of  surface  by  wliich  the  blood  is  exposed  to  the 
action  of  the  air ;  so  that  the  minutely-partitioned  ceUular  lungs  of  n  rabliil 
present  greater  opportunity  for  the  aeration  of  the  blood,  than  the  capacious 
undivided  sacs  of  a  turtle  ten  times  its  size. 

454.  The  organs  appropriated  to  the  performance  of  the  function  of 
Respiration  m  the  various  classes  of  the  Animal  Kingdom,  appear  at  first 
sight  so  very  different,  that  a  superficial  observer  would  hardly  trace  any 
analogy  between  them  (§  236) .  A  httle  reflection,  however,  will  show,  that 
aU  their  forms  are  reducible  to  the  simple  element  of  which  the  respiratory 
organs  are  constructed  in  the  Vegetable  kingdom ; — an  extension  of  tlje 
external  surface,  peculiarly  adapted,  by  its  penneability  to  gases,  for  the 
interchange  of  ingredients,  between  the  circulating  fluid  brought  in  contact 
with  one  side  of  it,  and  the  atmosphere  which  it  touches  on  the  other. 
This  extension  usually  takes  place  internally  or  externally,  according  as  the 
animal  is  to  be  an  inhabitant  of  the  air  or  of  the  waters.  In  animals  modi- 
fied for  atmospheric  respiration,  the  air  enters  the  system  to  meet  the  blood; 
a  peculiar  set  of  movements,  more  or  less  complicated,  being  appointed  for 
its  constant  renewal  by  successive  inhalation  and  expulsion.  In  those 
adapted  to  an  aquatic  residence,  a  different  plan  is  required.  The  small 
quantity  of  air  contained  in  the  water  is  all  that  the  respiratory  system 
employs ;  and  it  would  have  been  a  useless  expenditure  of  muscular  exertion, 
to  have  provided  means  for  the  constant  inspiration  and  expiration  of  a 
large  amount  of  so  dense  a  fluid.  In  most  aquatic  animals,  therefore,  lit 
aerating  surface  is  extended  outwardly,  instead  of  being  prolonged  inwards ; 
and  the  blood  is  propelled  through  it  so  as  to  come  in  relation  with  ilic 
surrounding  medium ;  the  portion  of  which  in  contact  witli  it  is  constantly 
being  renewed,  either  by  the  natural  movemcDts  of  the  animal,  or  by  others 
more  expressly  contrived  for  the  purpose.  In  tracing  upwards  the  different 
forms  of  the  respiratory  apparatus  through  the  principal  classes  of  animals, 
we  shall  observe  the  same  gradual  specialisation  which  has  been  noticed  iu 
the  other  systems ;  for,  begummg  with  the  lowest,  it  will  be  seen  that  ihf 
general  surface  is  the  organ  of  respiration  as  well  as  of  other  timctionB; 
whilst,  in  the  highest,  the  aeration  of  the  blood  is  almost  entirely  effected 
in  one  central  apparatus  adapted  to  it  alone,  although  the  general  s 
is  not  altijgethcr  destitute  of  participalion  in  it. 
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455.  In  the  simplest  forms  of  animal  life^  which  are  all  aquatic^  the 
almost  homogeneous  tissues  are  immediately  nourished  hy  absorption  from 
without^  as  in  the  porifera  ;  and  the  constant  movement  of  fluid  through 
their  ramifying  canals  answers  the  purpose  of  aerating  their  tissues,  as  well 
as  of  supplying  them  with  nutriment.  In  the  infusoria,  which  also  seem 
unprovided  with  special  respiratory  organs,  we  detect  an  apparatus  which 
ministers  not  only  to  locomotion  and  the  ingestion  of  food,  but  to  the 
aeration  of  the  fluid  constituents  of  the  organism,  by  perpetually  renewing 
the  surrounding  water.  The  rows  or  tufts  of  the  vibratile  cilia  (§  146)  by 
which  these  objects  are  fulfilled,  are  variously  distributed  in  different 
species ;  in  the  gemmules  of  the  Sponges  and  Polypes,  which  are  destitute 
of  internal  canals  of  any  kind,  the  surface  of  the  body  is  covered  with 
them ;  but  in  the  Infusoria  they  are  usually  disposed  around  the  mouth ; 
and  they  are  arranged  as  a  fringe  on  the  tentacula  which  border  this  orifice 
in  the  polypifera.  We  have  no  reason  to  believe  that  any  minute  dis- 
tribution of  capillary  vessels  exists  in  species  so  simply  organised ;  and  the 
supposition  that  each  of  these  cilia,  like  the  filament  of  a  fishes  gill,  is  com- 
posed of  blood-vessels  prolonged  into  the  water  for  the  purpose  of  aerating 
their  contents,  is  scarcely  tenable.  It  is,  however,  by  no  means  improbable 
that  the  internal  prolongation  of  the  surface  which  hues  the  digestive 
cavity,  may  be  connected  with  the  respiratory  function  as  well  as  with  that 
of  absorption  (a  combination  which  we  find  in  the  foliaceous  expansions  of 
plants),  in  the  cases  where  no  more  special  structure  is  evolved.  "  The 
bodies  of  these  animals,"  as  Dr.  Grant  has  remarked,  "  are  not  yet  covered 
with  solid  shells,  or  with  dense  impervious  scales,  or  with  other  hard  mate- 
rials which  would  exclude  the  general  respiratory  influence  of  water,  and 
necessitate  the  formation  of  gills  and  lungs ;  but  consist  of  the  soft  cellular 
tissue  in  which  all  higher  organisations  are  at  first  developed.  The  few 
kinds  which  are  furnished  with  a  thin  transparent  or  silicious  pellicle, 
have  the  power  of  extending  the  ciliated  part  of  their  body  from  beneath 
it ;  and  thus  of  effecting  all  the  required  respiration." 

456.  The  same  observation  will  probably  apply  to  the  acaleph^e,  the 

soft  external  tegument  of  whose  bodies  would  seem  to  aflbrd  sufficient 

means  for  the  aeration  of  the  nutritious  fluid,  where  the  constant  change 

of  the  medium  to  which  it  is  exposed,  is  provided  for  by  the  organs 

of  motion.     It  has  been  mentioned  that,  in  the  Medusa  and  other  similar 

animals,  prolongations  of  the  digestive  canals  ramify  on  the  margin  of  the 

mantle,  which,  being  the  most  moveable  part  of  the  body,  exposes  them 

to  a  constant  interchange  of  the  external  element  with  which  they  are  in 

relation  (§  313) ;  and  the  special  vascular  system  developed  in  the  Cesium 

Veneris,  Beroe,  &c.  sends  similar  prolongations  along  the  ciliated  margins, 

which  appear  destined  rather  for  the  aeration  of  their  fluid  than  for  the 

purposes  of  nutrition  (§  340).     In  this  beautiful  and  interesting  class,  we 

not  unfrequently  meet  with  large  sacs  containing  air,  Nv\iic\i  o^evi,  m  ^"asX^ 


most  attract  the  attention  ^H 

;  serve  any  other  purpose  tbj^l 


constitute  the  hulk  of  the  animal,  and  most  attract  the  s 
observers  {Fig.  140).  Whetlier  or  not  these  serve  a 
that  of  giving  huoyancy  to  the  structure,  and  of  occasionally  receiving  the 
impulsion  of  the  wind,  is  still  uncertain ;  nor  has  the  gas  coutained  is 
them  been  analysed.  The  animals  appear  to  have  considerable  power  over 
their  degree  of  distension ;  for  whole  fleets  of  the  elegant  "  Portugiie« 
men-of-war,"  which  variegate  with  their  brilliant  colours  the  surface  of  the 
ocean  on  a  calm  day,  will  suddenly  sink  into  the  water  and  disappear  when 
a  storm  is  threatened. 

457.  In  the  class  echimodbrmata  a  distinct  respu^ory  apparatus  ij 
evolved,  which  is  required,  not  only  by  the  increased  energy  of  the  animals, 
manifested  in  their  powerful  muscular  contractions,  and  by  the  develop- 
ment of  a  special  circulating  system,  but  by  the  condensadou  of  the  citemal 
tegument,  which  is  no  longer  capable  of  serving,  as  in  the  classes  we  have 
been  considering,  for  the  aeration  of  the  fluid  portion  of  the  tissues  il 
encloses.  Contrary  to  the  general  principle  which  has  been  stated, — that 
in  aquatic  animals  the  circulating  system  is  prolonged  outwardly,  brining 
the  blood  to  meet  the  air  contained  in  the  dense  element, — we  find  that  the 
respiratory  apparatus  of  this  class  consists  of  a  large  cavity,  from  whidi 
a  series  of  tubes  ramifies  minutely  {in  the  higher  species  at  least)  through 
the  body,  and  conveys  the  aerating  fluid  into  every  part  of  the  structure. 
This  cavity  embraces  the  intestinal  canal  and  other  viscera,  the  esten'OT 
walls  of  which  are  therefore  in  contact  with  the  fiuid  it  contains ;  it  u 
obviously  analogous  to  the  peritoneal  cavity  of  higher  animals ;  and  though 
this  is  generally  a  closed  sac,  yet  some  tracer  of  a  similar  conformation  may 
be  discovered  in  the  Crocodile,  as  well  as  in  many  Fishes.  The  memhrane 
which  lines  it  in  the  Echinodermata  is  sufficiently  muscular  to  execute  the 
movement  neeessarj'  for  the  transmission,  through  its  rami^ing  prolonga- 
tions, of  the  water  which  it  inspires  ;  and  in  the  Holotkitria,  the  leathery 
covering  of  which  admits  of  more  distension  than  the  hard  envelope  of  the 
Star-lish  or  the  unyielding  shell  of  the  Echinus,  so  much  water  is  aometimn 
taken  in,  that  the  bulk  of  the  animal  is  several  times  increased ;  whilst,  by 
contraction  of  the  cavity,  the  fluid  may  be  espelled  with  considerable  foree. 

458.  The  Molluscous  classes  present  great  variety  in  the  form  and 
situation  of  their  organs  of  respiration,  although  they  are,  with  but  few 
exceptions,  inhabitants  of  the  water.  Most  of  these  tribes  are  remarkahle 
for  the  slowness  of  their  movements,  and  many  of  them  are  entirely  fised ; 
and  it  is  beautiful  to  observe  how  all  of  them,  even  the  most  inert,  are 
provided  with  means  of  renewing  the  fluid  in  immediate  contact  with  their 
bodies,  so  as  to  aerate  and  renovate  the  blood.  Although  the  form  and 
jwsition  of  the  gUls  varies  much  in  the  different  classes,  their  general  struc- 
ture is  the  same  in  all ;— they  consist  of  dehcate  membranous  folds  or  tofts 
(prolongations  of  the  external  surface),  minutely  reticulated  with  bloo 
vessels,    and  cotered  with  vibratile  cilia,    by  whose  action  constant  I 
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regular  currents  are  produced.  These  gills  are  usually  situated  within  the 
cavity  of  the  mantle,  and  are  in  fact  expansions  of  the  delicate  membrane 
which  lines  it  (like  the  vcdvulce  conniventea  formed  by  the  reduplication  of 
the  mucous  membrane  of  the  intestinal  tube)  ;  and  the  entrance  and  exit 
of  the  water  they  require  are  provided  for  by  appropriate  orifices,  which  are 
themselves  fringed  with  cilia  (§  139).  Sometimes  the  propulsion  of  the 
fluid  is  assisted  by  the  general  movements  of  the  body ;  but  not  unfre- 
quendy  the  ejection  of  the  expired  water  in  a  regular  current  is  the 
principal  means  of  locomotion  with  which  the  animal  is  endowed.  In 
other  instances,  the  gills  are  situated  on  the  exterior  of  the  mantle,  and  are 
formed  in  a  corresponding  manner,  by  an  extension  of  its  membrane  into 
folds  or  tofts  copiously  supplied  with  blood-vessels.  This  is  the  case  in 
many  gasteropoda  and  pteropoda;  and  whilst,  in  the  least  perfect 
species,  it  is  found  that  the  general  surface  of  the  mantle,  whether  internal 
or  external,  seems  adapted  by  its  softness  and  vascularity  for  sharing  in 
the  aeration  of  the  blood, — in  those  of  higher  organisation,  in  which  a  more 
powerfrd  heart  is  developed,  the  branchial  tufts  or  laminee  are  restricted  to 
particular  parts,  and  the  function  appears  confined  to  them  alone.  The 
branchise,  when  external,  are  generally  disposed  in  such  a  manner  as  to  be 
most  influenced  by  the  motions  of  the  animal ;  thus,  in  the  pteropoda 
they  are  situated  on  the  fin-like  processes  by  which  these  beautiful  little 
Molluscs  propel  themselves  through  the  ocean.  Many  of  the  gastero- 
poda are  terrestrial,  and  are  consequently  modified  for  aeriform  respiration. 
In  the  Snceily  for  instance,  we  find  an  opening  on  the  right  side  of  the 
body,  which  leads  to  a  highly  vascular  sac  destined  to  receive  atmospheric 
air ;  this  sac  is  placed  nearly  in  the  middle  of  the  back,  the  position  in 
which  we  find  the  air-bag  in  Fishes ;  and  though  the  surface  it  exposes  is 
much  smaller  than  that  presented  by  tufted  gills,  it  does  not  conduce  less 
to  the  aeration  of  the  blood,  since  the  air  is  brought  to  it  in  a  pure  state, 
and  not  diluted  by  diffusion  in  water.  In  the  cephalopoda,  the 
branchiae  present  an  extended  surface ;  and  the  water  in  contact  with  them 
is  renewed  by  alternate  contractions  and  dilatations  of  the  branchial 
chamber. 

459.   In  ascending  through  the  series  of  Articulated  animals,  from 

the  simple  parasitic  Worms,  to  the  highly-organised  Insects  or  Crustacea, 

we  find  the  respiratory  apparatus  assuming  a  more  complicated  form ;  and 

it  is  in  this  series  that  we  first  meet  with  beings  capable  of  maintaining  an 

active  existence  in  the  air.     In  the  simple  entozoa,  no  special  respiratory 

apparatus  is  evolved ;  and  it  is  obvious  that  whatever  aeration  their  fluids 

require  must  be  performed  by  the  external  envelope,  or  by  the  reflexion  of 

it  that  lines  the  digestive  cavity.     In  the  aquatic  orders  of  the  extensive 

class  ANNELIDA,  howcvcr,  we  find  a  special  prolongation  of  the  surface, 

adapted  to  that  purpose.     This  sometimes  assumes  the  form  of  delicate 

feathery  tufts,  disposed  in  a  radiated  manner  round  the  head,  axiA.  o^evi  ^^- 
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playing  the  most  splendid  Tariety  of  colours, — as  in  the  Serpula*  (Fig.  1+4). 
In  another  portion  of  the  class  Annelida,  the  ramified  tufts  are  disposed  »t 
intervals  along  the  body  of  the  animal,  as  in  the  common  Sandworm  (Rg, 
145)  or  in  the  A'ereis  (Fig.  141).  A  third  form  of  the  respiratory  apparatot 
exists  in  those  species  of  the  Annelida  which  are  adapted  to  live  in  air  u 
well  as  in  water,  such  as  the  Leech  or  Eartkmorm.  Here  we  lose  the  extemit 
^lls  or  branchial  tufts  of  the  purely  aquatic  tribes,  and  find  in  their  plaCf 
a  series  of  small  bags,  opening  from  their  sides  by  minute  orifices  termed 
ttigmafa,  and  extending  into  the  interior  of  the  body.  No  communicating 
tubes  exist,  however,  between  the  sacs ;  nor  do  they  send  ramiJying  pro- 
longations to  distant  organs;  but  this  simple  ivjlexion  of  the  extemst 
surface  cannot  biit  be  regarded  as  the  rudimentary  form  of  the  complex 
respiratory  apparatus  of  Insects,  It  is  desirable  to  remark  the  connection 
between  the  functions  of  respiration  and  locomotion  in  this  class  ;  the  fir* 
indications  of  the  evolution  of  special  appendages  for  the  latter  piirpoM 
being  discernible  in  those  particulariy  adapted  for  the  fnnner.  The  motion 
of  the  branchial  tufts  of  the  Nereis  is  obviously  one  means  of  its  propulsion 
through  the  water ;  although  its  progression  is,  no  doubt,  effected  princi- 
pally by  the  serpentine  movements  allowed  by  the  general  flejahility  of  tlie 
body.  In  some  species,  one  of  the  filaments  is  prolonged  and  strugbtciwd 
into  what  is  called  a  cirrhits  (Fig.  142,  3,  a),  which  possesses  an  obriout 
tubukr  stnu^ture,  and  is  evidently  the  rudiment  of  the  regolarly-articulatol 
members  possessed  by  the  succeeding  classes.  In  the  tribes  modified  for 
aerial  respiration,  traces  of  external  organs  are  sometimes  found  in 
the  sette  or  bristles,  of  which  a  certain  definite  number  are  attached  to 
every  segment,  (the  Earthworm  possessing  two  pairs  on  each  side),  and 
which  obviously  serve  as  organs  of  locomotion ;  the  species  which  are  defi- 
cient in  them,  such  as  the  Leech,  have  tlie  segments  of  the  body  very  short 
and  numerous,  and  thus  possess  greater  flexibility  of  the  trunk. 

460.  In  the  mvriapoda,  the  respiratory  and  locomotive  system*  iw 
more  definitely  separated  from  each  other.  The  increased  hardness  and 
want  of  flexibility  of  the  tegumentary  covering,  requires  both  a  more  speiMl 
apparatus  for  the  aeration  of  the  blood,  and  a  more  decided  development 
of  organs  of  propulsion.  The  prolonged  eelte,  therefore,  of  the  h^het 
Aunellda  here  become  regular  jointed  legs,  endowed  with  considenble 
muscular  powers ;  and  as  all  of  this  class  are  inhabitants  of  the  air,  tb« 
respiratory  surface  is  prolonged  inwards  in  the  form  of  canals  ramifying 

*  There  are  few  sights  more  striking  \o  tbe  obaerver  of  nature  in  tropical  regions,  ihn 
the  unexijected  view  of  a  bed  of  coral  in  sbnllow  water,  having  ita  surikce  scattered  *iUi 
the  brilliant  tufts  ufthe  Serpula;  which  have  farmed  their  habitations  in  it;  thegloiriiv 
and  varii^ated  tints  of  which,  when  lighted  up  b;  the  mid-dsy  sun,  and  contrasted  wH1< 
Ilie  sombre  hues  of  the  surrounding  rocks,  [iresent  an  appearance  compared  to  whidi  IIk 
most  lienutifVil  garden  of  cnrtiations  (which  flower  the  aiiimals  much  resemble  in  Ibm] 
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through  the  body ;  but  these  trachea  or  air-tubes  (§31),  which  arise  from 
distinct  stigmata,  seldom  have  much  communication  with  each  other.  In 
this  form  we  may  observe  an  intermediate  condition  between  the  insulated 
sacs  of  the  air-breathing  Annelida,  and  the  complex  distribution  and  fre- 
quent anastomosis  of  the  tracheal  system  of  Insects.  In  some  of  the  higher 
species,  however,  two  longitudinal  canals  have  been  observed,  connecting 
together  all  the  separate  systems  of  tracheae,  such  as  will  be  presently 
shown  in  the  larva  of  Insects. 

461.    In  studying  the  respiratory  system  of  insects,  we  shall  have 
occasion  to  observe  several  peculiar  modifications  which  it  undergoes  for 
particular  purposes,  whilst  its  essential  character  remains  unaltered ;   and 
we  shall  have  also  an  opportunity  of  noticing  the  varieties  of  form  and 
ftmction  which  the  same  apparatus  may  present  at  different  periods  of 
life,  and  under  changes  in  external  conditions.      The  muscular  energy 
required  for  the  locomotive  powers  of  the  perfect  Insect,  and  the  general 
activity  of  the  organic  processes,  necessarily  involve  a  large  amount  of 
comTnunication  between  the  nutritious  fluid  and  the  atmosphere  ;   but,  on 
the  other  hand,  the  low  development  of  the  circulating  system  would 
prevent  the  aeration  from  being  accompUshed  with  sufficient  rapidity,  by 
the  transmission  of  the  blood  through  one  particular  organ.     The  dif- 
ficulty is  obviated  by  the  introduction  of  the  vivifying  agent  into  every 
part  of  the  body,  by  means  of  a  complex  and  minutely-distributed  system 
of  tubes,  which  appear  to  ramify  through  even  the  smallest  and  most 
delicate  organs,  and  which  bring  the  air  into  immediate  relation  with  all 
their  tissues.     This  structure  answers  another  purpose  ;  for,  by  means  of 
the  distention  of  the  body  by  gaseous  fiuid,  its  specific  gravity  is  reduced, 
and  it  is  maintained  in  the  atmosphere  with  less  exertion.     We  shall  find 
indications  of  a  similar  adaptation  in  Birds,  the  Insects  of  the  Yertebrated 
classes,  as  they  have  been  justly  denominated.     The  extent  of  respiratory 
surface  thus  created  is  such,  that  the  amount  of  the  aerating  changes  per- 
formed by  an  Insect  in  a  state  of  activity,  is  not  less  in  proportion  to  its 
bulk  than  that  effected  by  the  most  energetic  of  the  Vertebrata.     It  is 
impossible  to  view  this  subject  philosophically,  without  being  struck  by 
the  fact,  that  this  very  high  degree  of  respiratory  power  is  given,  not  by 
a  sudden  advance  to  a  more  complicated  and  perfect  system  of  organs, 
such  as  exist  in  the  Vertebrated  classes  of  animals,  but  by  an  extension  of 
the  comparatively  simple  plan  of  which  we  observed  the  first  traces  in 
the  Annehda;   thus  affording  a  beautiful  example  of  the  great  law  of 
regular  progression  in  the  development  of  organs,  which  has  few  apparent 
and  perhaps  no  real  exceptions.     Nor  would  it  be  easy  for  any  reflecting 
mind  to  contemplate  the  manner  in  which  the  air  is  thus  brought  into 
contact  with  the  blood  in  the  minutest  textures  of  the  body,*  without  a 

*  A  French  Microscopidt,  M.  Bernard-Deschanips,  imagines,  not  without  show  of  pro- 
bability, that  the  trachese  are  even  continued  into  the  scales  which  clothe  the  membrane 


feeling  of  admiration  at  the  coDtrivance  shown  in  the  compensation  of  tbf 
limited  cirenlation  of  the  fluids  by  the  extensive  distribution  of  the  respin- 
tory  apparatus ;  and  at  the  means  by  which  the  necessary  lightness,  elis- 
tieity,  buoyancy,  and  muscular  energy  are  imparted  to  the  bodies  of  these 
beautiful  and  interesting  inhabitants  of  the  air. 

462.  In  the  Lana  condition  of  such  aerial  Insects  as  undergo  a  com- 
plete metamorphosis,  and  are  therefore  most  different  in  their  early  sUUf 
from  their  ultimate  character,  the  respiratory  system  much  corresponds 
with  the  type  it  had  attained  in  the  higher  Myriapoda.  We  find  it 
entirely  consisting  of  ramifying  traekete,  connected  with  the  e:stemal  »ir 
by  the  stigmata  that  open  on  the  sides  of  the  body ;  aud  freely  com- 
municating with  each  other,  especially  by  the  two  longitudinal  tubes 
which  traverse  its  length,  and  into  which  the  stigmata  open  by  short 
straight  passages  (Fig.  147).  Of  the  peculiar  structure  of  these  lubes  i 
description  has  already  been  given  {§  31)  ;  and  the  change  wliieh  thej 
undergo  in  the  metamorphosis  of  the  insect  will  therefore  be  now  bneflt 
stated.  Just  as  the  Larva  is  passing  into  the  Pupa  state,  the  largn 
tracheie  exhibit  dilatations  at  intervals,  which  an?  subsequently  developHl 
into  expanded  sacs  that  sometimes  att^n  considerable  size.  The  effinu 
which  the  animal  makes  at  the  moment  of  transformation,  to  nipture  ill 
skin  by  the  distention  of  its  body,  appear  to  contribute  towards  ll» 
expansion  of  these  sacs,  the  formation  of  which  had  previously  com- 
menced.* One  remarkable  portion  of  the  tracheal  system,  also,  tbe 
incipient  evolution  of  which  may  be  detected  in  the  Larva  state,  now 
shows  an  increased  tendency  to  prolongation  ; — that  namely  which  foraM 
the  wings.  It  may  be  regarded  as  absurd  to  maintain  that  the  wings  of 
Insects  are  a  part  of  the  respiratory  apparatus  ;  but  tlmt  such  is  really  tlu 
case,  is  shown  by  the  consideration  of  their  perfect  structure,  and  of  tlie 
history  of  their  development  (§  233,  note).  Durmg  the  first  metamor- 
phosis of  the  Sphinx  ligiistri,  as  observed  by  Mr,  Newport,  the  wingi. 
which  at  the  moment  of  slipping  off  the  larva  skiji  were  scarcely  as  laijt 
as  hemp-seeds,  have  their  tracbeie  distended  with  air ;  and,  at  oA 
inspiration  of  the  insect,  are  gradually  prolonged  over  the  trunk  by  ilif 
propulsion  of  the  circulating  fluid  into  them.  The  cnlai^ment  of  ibr 
trachese  may  also  he  observed  in  the  antenuie  (^  121),  which,  just  heforr 
the  change  were  coiled  np  within  the  sides  of  the  head,  but  art  noit 
extended  along  the  sides  and  abdomen. 

463.  The  full  development  of  the  respiratory  apparatus  only  lakts 
place,  however,  after  the  last  metamorphosis ;  when  the  wings  becomr 
fully  distended  with  air,  and  prepared  for  flight  by  the  active  resfuraUiiy 

of  tlie  wirgB.  Many  of  these,  after  their  coloured  lamina  hoB  been  reiDOved,  eihibit  » 
series  of  lines  directed  towards  the  poinl  by  which  the  scale  is  attached  to  the  inn^  (AaB. 
dea  Sci.  Nat.  N.  S.,  Zool.  nt.) 

'  Newport  on  the  Kcspiration  of  Iiisecla,  Fhil.  Trans.  1836. 
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moTements  of  the  body;  and  the  expansion  of  the  pulmonary  sacs  proceeds 

to  a  greater  extent.     It  may  frequently  be  noticed  that,  for  some  hours  or 

even  days  after  the  perfect  Insect  has  emerged  from  the  pupa  state,  it 

makes  no  effort  to  fly,  but  remains  in  almost  the  same  torpid  condition 

with  that  it  has  quitted ;  when  stimulated  to  move,  however,  it  makes  a 

few  deep  inspirations,  its  wings  rapidly  become  fully  expanded,  and  it 

so(m  trusts  itself  in  the  element  which  was  intended  for  its  habitation. 

The  puhnonary  sacs  sometimes  attain  a  very  large  size,  and  communicate 

with  each  other  so  freely  as  to  appear  like  continuous  cavities.     This  is 

well  seen  in  Fig.  21,  which  exhibits  the  respiratory  apparatus  of  the 

abdomen  of  the  Humble-bee  ;   and  in  Fig.  146,  which  shows  that  of  the 

Seolia  kortorum.    They  vary  considerably,  however,  in  different  species 

and  tribes ;  bdng  usually  most  developed  in  those  Insects  that  sustain  the 

longest  and  most  powerful  flight,  which  are  generally  those  whose  larva 

condition  has  been  most  imperfect,  and  in  which  there  has  been  originally 

no  appearance  of  these  enlai^ments.     They  are  almost  entirely  absent  in 

the  Insects  destined  to  Uve  upon  the  ground ;  or  in  them  are  little  larger 

than  the  slight  expansions  found  in  the  early  conditions  of  such  as  undergo 

no  complete  metamorphosis.     There  can  be  little  doubt  that  one  use  of 

these  cavities  is  to  diminish  the  specific  gravity  of  the  Insect,  and  thus  to 

render  it  more  buoyant  in  the  atmosphere  ;   but  it  would  not  seem  impro- 

baUe  that  they  are  intended  to  contain  a  store  of  air  for  its  use  while  on 

the  wing,  as  a  part  of  the  spiracles  are  at  that  time  closed,  so  that  less  can 

alter  £rom  without.* 

464.  The  various  provisions  which  are  made  for  the  respiration  of 
sodi  Insects  as  inhabit  the  water  are  of  a  nature  too  interesting  to  be 
passed  by.  In  those  aquatic  Larvae  which  breathe  air,  we  often  find  the 
last  segment  of  the  abdomen  prolonged  into  a  tube,  the  mouth  of  which 
lemains  at  the  surface  while  the  body  is  immersed.  The  larva  of  the 
ginat  may  often  be  seen  breathing  in  this  manner,  which  calls  to  mind  the 
devation  of  the  trunk  of  the  elephant  when  crossing  rivers  that  entirely 
oonoeal  his  head  and  body.  Sometimes  this  air-tube,  which  is  to  be 
r^arded  as  a  prolonged  spiracle,  is  several  inches  in  length,  and  its 
month  is  ftumished  with  a  fringe  of  seta  (or  bristles),  which  entangle 
babbles  of  air  sufficient  to  maintain  respiration  when  the  animal  descends 
entirely  to  the  bottom.  The  large  tracheae  proceeding  from  this  tube 
convey  the  air  through  the  body  in  the  usual  way.  Most  aquatic  Larvae 
which  are  unpossessed  of  such  an  air-tube,  have  their  spiracles  situated 
only  at  the  posterior  extremity  of  the  body,  and  may  be  seen  apparently 
hanging  from  the  surface,  whilst  taking  in  the*  necessary  supply.  All 
perfect  Insects  being  adapted  to  aerial  respiration  only,  many  curious 

•  In  some  Insects  a  slight  projection  from  the  posterior  part  of  the  oesophagus  has  been 
observed,  exactly  in  the  situation  of  that  which  is  subsequently  developed  into  the  lungs 
of  Vertebrata ;  of  which  organ  it  may,  therefore,  be  regarded  as  the  tudiment. 
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contrJTsnces  may  be  witnessed  amoDg  anch  as  inhabit  the  water,  tor 
carrying  down  a  sufficient  supply  of  oxygen  to  aerale  their  blood  whilst 
under  the  surface.  Some  enclose  a  large  bubble  beneath  the  rlylre 
(wing-cases)  which,  not  being  closely  fitted  to  the  exterior  of  the  body, 
leave  a  cavity  into  which  the  spiracles  open.  Others  have  the  whole 
under  surface  of  the  body  covered  with  down,  which  eutaagles  miiiiite 
bubbles  of  air,  in  such  large  quantity,  as  to  render  the  insect  quite  bunyanl, 
and  to  oblige  it  to  descend  by  creeping  along  the  stem  of  a  plant,  or  bv  > 
strong  museular  effort.* 

-J65.  There  are  some  Larvte,  however,  more  particularly  adapted  \i< 
aquatic  respiration,  by  the  development  of  the  tracheal  system  exlemnllj 
into  branchial  plates  or  tufts ;  the  object  of  which  is  uol  so  much  to  earn 
the  circulating  fluid  into  contact  with  the  water,  as  to  absorb  from  ihil 
element  the  air  which  it  contains,  and  which  is  then  carried  into  the  intM- 
nal  respiratory  apparatus.  Sometimes  the  membrane  which  cover*  tla 
tracheie,  and  which  is  a  prolongation  of  the  external  surface,  is  con- 
tinuous, so  that  the  gills  have  a  foliaceous  appearance  like  that  of  thi! 
wings  ;  hut,  in  other  cases,  it  is  divided,  so  that  the  brancliire  more  resem- 
ble the  filamentous  tufts  of  the  Nereis.  Their  position  is  constntitlt 
varying ;  sometimes  they  are  attached  to  the  thorax,  sometimes  to  the 
abdomen,  sometimes  even  situated  within  the  intestine  ;  but  in  every  fo" 
they  have  an  important  relation  with  the  movements  of  the  animal,  «nil 
are  frequently  the  sole  organs  of  progression  with  which  it  is  fiimishii!. 
Thus,  the  sudden  darting  motion  of  the  Larvte  of  the  Libellula  (dragon- 
fly) is  caused  by  the  violent  ejection  from  the  intestine,  of  the  water  whidi 
has  been  taken  in  for  the  supply  of  the  gills  it  contains,  whence  tat  'u 
imbibed  into  the  tracheal  system.  A  very  httle  cxaminatian  into  tb> 
structure  of  the  wings  will  show,  that  it  is  essentially  the  same  as  thit 
of  the  expanded  gills  of  aquatic  larvce  ;  each  consisting  of  a  prolongitian 
of  the  superficial  covering  of  the  body  over  a  system  of  ramifying  nemi 
or  ribs,  which  are  principally  composed  of  trachese  in  connection  witlt 
those  of  the  interior  of  the  fabric.  Hence  Oken,  followed  by  Blainvilb^ 
termed  the  wings  aerial  gilh, — an  idea  which,  however  ridiculed  by  sBfr 
ceeding  writers  on  Entomology,  will  be  found  to  be  supported  by  & 
strictest  analogies  in  structure,  situation,  and  development.  It  is  only  If 
taking  an  extensive  view  of  comparative  structure  that  we  can  have  toj 
hope  of  arriving  at  accurate  results  ;  and  great  care  is  necessary  to  disnon 

*  A  verj  beautiiiU.  contrivnnce  far  a  dmilBr  piupoae  !■  that  of  the  DiTing-l 
remains  for  a  conMiderablc  period  under  water,  bj  means  of  a  resersoir  that  ii 
silken  thTead  agglutinated  together,  open  at  the  bottom  like  a  divin)i-be!l,  and  AkUcbtd 
to  neighbouring  stonea  or  plants,  iind  which  it  gradunjly  fills  with  air  by  canying  ion 
Buceesaive  bubbles  beneath  ilB  body,  lii  this  habitation  it  gpands  the  vinter  in  a  riaU  rf 
partial  torpidity  ;  and  the  quantity  of  air  it  bos  enveloped  in  thiseurious  manner  ii  trfe 
cient  to  mointnin  its  respirntion. 
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from  the  mind  all  prejudice  in  favour  of  a  particular  organisation  aa  a 
standard  or  type  of  the  rest.  If  we  suppose  an  Entomologist  to  form  his 
views  of  the  structure  of  Animals  in  general  from  that  of  the  Articulata, 
he  would  expect  to  find  the  wing  of  a  bat  or  bird  constructed  on  the  model 
of  that  of  an  insect.  Yet  he  would  not  be  acting  more  absurdly,  in  main- 
taining that  this  organ  is  developed  out  of  the  respiratory  system  in  Verte- 
brated  animals  (especially  considering  its  remarkable  connection  with  this 
system  in  birds),  than  many  entomologists,  who  have  been  led,  by  their 
previous  acquaintance  with  other  types  of  structure,  to  consider  the  wing  of 
an  Insect  as  a  modification  of  its  leg  (§  233,  note), 

466.  In  the  Crustacea,  the  respiratory  organs  are  universally  adapted 
for  an  aquatic  medium,  and  are  consequently  developed  in  the  form  of 
gills,  which  are  usually  placed  on  the  under  surface  of  the  body,  and  con- 
nected with  some  very  moveable  parts;  as  there  is  not,  except  in  the  highest 
species,  any  special  means  adapted  for  propelling  currents  of  water  over 
them.  The  difPerent  orders  of  this  class,  however,  exhibit  so  many  inter- 
esting gradations  of  development  of  the  respiratory  system,  that  they  can 
scarcely  be  overlooked  in  a  sketch  like  the  present ; — especially  since  these 
gradations  exactly  correspond,  as  Milne-Edwards  has  admirably  shown, 
with  the  transitory  forms  which  each  individual  of  the  higher  species 
presents  in  the  progress  of  its  development.  In  the  lowest  tribes  no 
special  aerating  surface  is  evolved ;  nor  do  any  of  the  other  organs  appear 
to  undergo  such  modifications,  as  would  fit  them  for  assisting  in  the  dis- 
chai^  of  this  function ;  it  must  be  concluded,  therefore,  that  the  process 
of  respiration  is  carried  on  by  the  whole  exterior  of  the  body.  In  other 
orders,  again,  the  last  joints  of  the  legs  are  flattened  out  into  a  surface 
which  is  soft  and  vascular,  and  which,  by  its  action  upon  the  water, 
appears  calculated  to  facihtate  the  influence  of  the  air  upon  the  nutritious 
fluid.  Proceeding  higher,  we  find  a  particular  portion  only  of  the  extremity 
devoted  to  respiration ;  but  this  is  developed  to  an  increased  extent,  and 
the  water  in  contact  with  its  surface  is  incessantly  renovated  by  currents 
set  in  motion  by  the  abdominal  members.  The  next  stage  in  the  special- 
isation of  this  function  is  the  restriction  of  the  branchial  apparatus  to  the 
abdominal  members,  which  are  entirely  devoted  to  it,  and  cease  to  have 
other  uses.  In  a  still  higher  order,  the  gills  have  assumed  more  of  the 
character  which  they  present  in  Fishes  and  some  MoUusca  ;  the  laminated 
or  leaf-like  form  which  they  at  first  possessed,  having  given  place  to  one  in 
which  the  surface  is  greatly  extended  by  minute  subdivision  into  delicate 
filaments. 

467.  The  most  developed  form  of  respiratory  apparatus  possessed  by 
Crustaceans  is  that  which  exists  in  Crabs,  Lobsters,  and  other  Decapods. 
In  this  order,  not  only  is  the  function  thrown  upon  particular  organs 
created  expressly  for  the  purpose,  but  these  organs  are  lodged  and  pro- 
tected within  especial  cavities ;  and  the  renewal  of  the  water  laece^^^crj  Vci 


354  SPECIAL    AND    COMPARATIVE    PHYSIOLOGY. 

their  operation  is  secured  by  the  motion  of  distinct  appendages.*  These 
cavities  are  formed  by  a  reduplication  of  the  external  tegument,  and  are 
provided  with  two  orifices,  one  for  the  introduction  and  the  other  for  the 
expulsion  of  the  fluid.  In  those  Crustacea  which  are  adapted  to  Uve  for 
a  time  on  land,  these  orifices  are  very  small,  so  that  a  trifling  amount  of 
evaporation  can  take  place  from  them  ;  and  it  appears  that  in  all  species 
the  gills  can  be  subservient  to  aerial  as  well  as  to  aquatic  respiration,  pro- 
vided their  surface  is  kept  moist, — the  asphyxia  of  the  animals  in  a  diy 
atmosphere  being  due  to  the  desiccation  of  the  membrane,  and  its  conse- 
quent unfitness  for  the  performance  of  its  functions.  There  are  other 
species  which  not  only  Uve  habitually  out  of  water,  but  are  infallibly 
drowned  if  kept  long  immersed  in  that  fluid.  These  are  the  land-crahs^ 
which  are  esteemed  among  the  greatest  delicacies  of  the  West  Indian 
Islands,  and  are  sometimes  regularly  fattened  for  the  table.  The  mem- 
brane lining  their  branchial  cavities  is  sometimes  disposed  in  folds  capable 
of  serving  as  reservoirs  for  a  considerable  quantity  of  water ;  and  sometimes 
presents  a  spongy  texture  equally  well  adapted  for  storing  up  the  fluid, 
that  is  necessary  to  keep  the  organs  of  respiration  in  the  state  of  humidity 
required  for  the  performance  of  their  functions.  Land-crabs  are  never 
known  to  remove  far  from  damp  situations ;  and  this  humidity  may  be 
either  derived  from  the  atmosphere,  or  may  be  secreted,  as  in  higher  ani- 
mals, from  the  circulating  fluid.  It  can  scarcely  be  doubted  that  the 
spongy  lining  of  the  branchial  cavity  in  these  Crustacea  is  peculiarly  sub- 
servient to  aerial  respiration ;  and  it  appears  owing  to  the  check  given  to 
its  activity  that  the  land-crabs  are  drovmed  when  plunged  under  water. 
A  more  highly-developed  form  of  this  type  of  respiratory  system  is  found 
in  the  next  class. 

468.  The  stages  in  the  development  of  the  branchial  apparatus  of  the 
Astacus  fluviatilis  (river-crab)  have  been  so  beautifully  traced  by  M. 
Milne-Edwards  in  connection  with  the  various  forms  of  the  same  in  adult 
species  of  different  tribes,  that  it  seems  advantageous  to  notice  them  here 
for  the  sake  of  ready  comparison,  rather  than  to  defer  the  accoimt  of  them 
to  the  general  description  of  the  progressive  evolution  of  the  system  in  the 
embryo  of  higher  animals.  At  the  earliest  period  of  embryonic  life,  no 
trace  of  branchiae  can  be  discovered ;  but  when  they  are  first  evolved, 
during  the  process  of  incubation,  they  consist  of  simple  laminated  expan- 
sions, occupying  the  situation  of  the  extremities  of  the  maxillary  append- 

*  According  to  the  late  researches  of  Milne-Edwards,  it  appears  that  the  current  of 
fluid  through  the  branchial  cavity  is  maintained  by  a  sort  of  valve-like  body  placed  in 
the  efferent  canal ;  which,  by  its  movements,  drives  a  continual  current  from  behind 
forwards,  and  thus  occasions  a  constant  ingress  through  the  afferent  opening.  This  valve- 
like apparatus,  which  much  resembles  the  ventilators  that  have  been  constructed  to 
maintain  a  current  of  air  through  mines,  &c.,  is  not  a  new  organ  found  only  in  the  group 
of  Decapods  ;  but  is  only  a  modification  of  a  part  of  the  posterior  mandibles,  which 
asaume  very  different  forms  in  the  various  divisions  of  this  class. 
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ages ;  these  soon  subdiyide,  and  one  part  assumes  a  cylindrical  form,  and 
seems  no  longer  to  belong  to  tbe  apparatus, — ^whilst  branchial  filaments 
begin  to  appear  on  the  other,  which  are  subsequently  prolonged  into  com- 
plete gills.  During  this  interval  the  thoracic  extremities  have  made  their 
appearance,  and  they  also  become  furnished  with  branchial  appendages. 
At  a  subsequent  time,  a  narrow  groove  or  ftirrow  is  seen  along  the  under 
edges  of  the  thorax,  the  margins  of  which,  in  no  long  period,  are  prolonged 
so  as  to  meet  each  other  and  enclose  the  gills  ;  openings  being  left  for  the 
entrance  and  exit  of  water,  which  are  at  first  large,  but  subsequently 
become  contracted  to  the  proper  size.  It  is  thus  evident  that  the  lining 
membrane  of  the  cavity,  as  well  as  that  which  covers  the  filaments  of  the 
branchise,  is  but  a  prolongation  of  the  external  tegument.  We  cannot 
avoid  perceiving  in  this  conformation,  a  transition  from  the  branchial  to 
the  pulmonary  form  of  the  respiratory  apparatus ;  a  transition  which  is 
still  more  evident  in  the  structure  of  the  next  class. 

466.  In  the  lower  tribes  of  the  arachnida,  such  as  the  Acari 
(cheese-mite,  &c.),  which  approximate  most  nearly  to  Insects,  the  respi- 
ratory apparatus  is  constructed  on  the  plan  which  prevails  in  that  class  ; 
being  composed  of  a  system  of  trachese,  ramifying  through  the  body,  and 
opening  externally  by  stigmata.  In  the  more  perfect  forms,  however, 
such  as  the  Spider,  Scorpion,  &c.,  the  circulating  system  is  more  deve- 
loped, and  there  is  no  longer  occasion  for  such  universal  aeration  of  the 
individual  parts,  that  of  the  nutrient  fiuid  being  sufficient.  Accordingly 
the  respiratory  apparatus  exists  in  a  more  concentrated  state,  which  ap- 
proximates nearly  to  that  which  has  been  described  as  possessed  by  the 
bi^er  Crustacea ;  but,  being  adapted  for  aerial  respiration  only,  it  must 
be  regarded  as  belonging  rather  to  the  pulmonary  than  to  the  branchial 
sjrstem.  The  stigmata  in  these  animals,  instead  of  opening  into  a  pro- 
longed set  of  ramifying  and  anastomosing  tubes,  enter  at  once  into  distinct 
sacs,  disposed  along  the  sides  of  the  abdomen,  to  which  the  air  has  there- 
fore ready  access.  The  interior  of  these  cavities  is  not  smooth,  however, 
like  that  of  the  pulmonary  sacs  of  Insects,  but  prolonged  into  a  number  of 
dopficatures  or  folds ;  these  lie  close  to  each  other  like  the  laminae  of  gills, 
and  may  be  regarded  either  as  analogous  to  them,  or  as  rudiments  of  the 
partition  of  the  cavity  into  minute  cells,  like  those  of  the  lungs  of  higher 
animals.  From  these  analogies  to  both  classes  of  organs,  they  are  denomi- 
nated by  Audouin  pulmonary  branchus.     The  following  figures  will  serve 
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as  aji/oM  of  the  tran si tion,  which  is  thus  effected  hetween  one  form  of  rpspi- 
ratory  apparatus  and  aDother.  At  a,  is  seen  the  character  of  the  aimjilc 
foliaeeoiis  gill,  which  is  evidently  a  mere  external  prolongation  of  the 
general  surface,  a,  b  ;  at  i,  a  similar  internal  prolongation  or  reflexion, 
forming  the  simple  piJmonary  sac  nf  the  leech  or  earthworm  ;  c  represents 
a  g^U  formed  by  the  minute  siibdivisions  of  the  surface  into  filaments,  so 
that  it  ia  greatly  extended,  as  we  find  it  in  fishes  ;  and  d  showa  a  simiUr 
extension  of  the  internal  surface  by  the  partition  of  the  cavity  (by  which 
is  effected,  within  a  small  space  in  the  lungs  of  Vcrtebrated  animals,  lliut 
which  the  economy  of  the  Insect  condition  required  to  be  performed  Ijj 
an  apparatus  of  much  greater  extent)  ;  lastly,  at  e,  is  shown  a  plan  of  u»i' 
of  the  respiratory  cavities  in  the  Crustacea,  or  of  the  pulmonary  branehiir 
of  the  Arachuida,  eshihiting  the  transition  already  described,  in  lb( 
location  of  the  gill-like  processes  upon  the  concave  vrolls  of  a  cavily 
formed,  like  that  of  the  lungs,  by  an  internal  prolongation  of  the  t»^- 
mentary  surface. 

4/0.  In  this  slight  sketch,  then,  of  the  development  of  the  orgaiM* 
respiration  in  the  Invcrtcbrated  classes,  it  will  be  observed  that,  whilst 
entire  covering  of  the  animal  is  subservient  to  this  function  in  the  loi 
tribes,  portions  of  the  surface  specially  modified  for  the  aeratton  of 
bIwMl  are  found  in  the  higher:  these  being  disposed,  according  to 
medium  which  the  animal  is  destined  to  inhabit,  in  the  form  of  gills  or  of 
pulmonic  cavities  ;  and  situated  in  the  most  convenient  position  for  rMHf- 
ing  the  fluid,  and  for  submitting  it  to  the  influence  of  the  surrowiding 
element.     Although  amongst  some  of  these  animals  the  branchial  iqtpi- 
ratus  reaches  nearly  the  highest  development  which  it  attmna  under  WJ 
circumstances,  we  only  observe  the  sketch,  as  it  were,  of  the  pulmonarj 
organs  of  the  higher  Vertehrata,  which  never  lose  their  diffused  character 
iu  the  classes  we  have  been  considering.      In  no  case  do  the  respiratoij 
organs  communicate  with  the  mouth,  which  ia  an  organ  solely  appro- 
priated, in  these  lower  tribes,  to  the  reception  and  subdivision  of  tb* 
food ;  and  it  may  also  ho  remarked  that  the  movements,  by  which  the 
aeration  of  the  blood  is  assisted,  are,  in  most  cases,  those  of  the  hoij 
at  large, 

4/1.  Amongst  the  Vertebrata  we  observe  a  similar  diverdty  of 
form  in  the  respiratory  organs,  to  that  which  the  inferior  classes  hiw 
presented  to  us ;  and  the  differences  in  the  general  economy  of  flw 
system,  with  which  the  amomit  of  the  fimction  is  connected,  are  muu- 
fested  in  even  a  more  striking  degree.  In  the  slow-moving  Reptile,  as  in 
the  MoUusca,  where  the  respiration  is  feeble,  it  may  be  suspended  for  i 
time  without  incouTenience ;  but  to  the  active  inhabitants  of  the  air, 
Birds  as  well  as  Insects,  in  whom  this  function  is  necessarily  performet! 
with  great  energy,  its  suspension  is  quickly  fatal.  If  a  bird  he  kepi  in  ( 
'^led  quantity  of  air  until  it  ceases  to  respire,  and  we  then  place  sue- 
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wsaively  in  the  aamc  atmosphere  a  dormouse,  a  frog,  and  a  snail,  each  of 
these  Biiiinals  will  continue  to  breathe  for  some  time  in  an  atmosphere 
which  its  predecessor  had  vitiated  too  much  to  continue  to  support  its  own 
respiration. 

472.  Although  the  respiratory  apparatus  in  fishes  retains  the  type 
which  characterised  it  in  the  inferior  aquatic  classes,  it  undergoes  great 
increase  both  in  estent  and  importance.  In  order  to  keep  up  with  the 
rapid  advance  in  the  development  of  the  other  systems,  the  respiration 
requires  to  be  conducted,  though  by  means  of  an  aquatic  element,  with 
great  velocity  and  effect.  For  this  purpose  it  is  not  sufficient  that  fishes 
should  have  merely  filamentous  tufts  hanging  loosely  at  the  sides  of  the 
neck  ;  but  it  is  requisite  that  they  should  have  the  means  of  rapidly  and 
constantly  propelliug  large  streams  of  water  over  their  surface,  and  of 
forcing  the  whole  blood  of  the  system  through  the  respiratory  apparatus, 
to  be  submitted  to  the  action  of  the  air  that  is  contained  so  scantily  in 
the  water.  The  former  of  these  ends  is  effected  by  the  eonuection  of  the 
gills  with  the  cavity  of  the  mouth,  the  muscles  of  which  send  a  rapid  cur- 
rent of  water  through  the  branchial  passages ;  and  the  tatter,  by  the  alter- 
ation ill  the  position  of  the  heart,  which  is  placed  so  as  to  afiect  the 
res]iirfltory  organs  previously  to  the  system  at  large  {§  3G1).  The  gills 
in  most  Fishes  are  disposed  in  fringed  laminte,  the  fibres  of  which  are  set 
tlose  together  like  the  barbs  of  a  feather  (Fig.  149),  and  are  attached  on 
each  side  of  the  throat,  in  double  rows,  to  the  convex  margins  of  four  or 
live  long  bony  or  cartilaginous  arehes,  which  are  very  similar  to  the  ribs. 
The  extent  of  surface  exposed  by  these  gills  is  very  great  (  Dr.  Monro 
computed  that  in  the  skate  it  is  at  least  equal  to  tliat  of  the  human  body. 
In  the  Osseous  fishes,  the  gills  are  concealed  by  a  valvular  covering,  called 
jB  operculum,  which  allows  free  exit  to  the  water  impelled  through  the 
In  the  Cartil^iinouB  fishes,  the  gills  are  more  completely  enclosed, 
d  the  water  which  passes  over  them  finds  its  way  out  through  five  small 
1  each  side  of  the  neck,  which  are  called  firanckia!  openiny/i 
;.  148);  these,  as  will  he  hereafter  seen,  may  be  detected  at  an  early 
d  of  the  development  of  all  higher  animals,  not  excepting  man  him- 
There  are  some  species,  however,  in  which  there  is  but  a  single 
I  each  side  ;  and  the  two  approach  nearer  to  one  another,  until 
k.ihe  Synhranchua,  they  meet  and  form  but  one  ajiertnre  beneath  the 
During  the  embryo  condition  of  both  of  the  principal  divisions  of 
ghes,  the  gills  may  be  seen  hanging  loosely  from  the  back  part  of  tlie 
k  i  for,  in  osseous  fishes,  they  have  attained  considerable  development 
e  the  prolongation  of  the  integument  has  been  formed  into  the  valve 
which  covers  them  ;  and  in  the  cartilaginous  fishes,  the  branchial  openings 
are  at  first  large,  and  the  filaments  of  the  gills  are  prolonged  much 
^ond  them, — other  filaments  also,  wliich  subsequently  disappear  alto- 
■,  being  ]iroduceU  from  their  edges. 
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473.  In  considering  the  respiratory  organs  of  Fishes,  the  air-blwliliT 
must  not  be  omitted ;  this  being  now  generallj  regarded  as  the  rudimeutnrv 
form  of  the  complex  lungs  of  the  higher  Vcrtebrata.  In  many  Fislics, 
as  in  the  embryo  of  Mammaha,  it  is  a  simple  sac,  placed  along  thi' 
middle  of  the  hack ;  in  others,  it  has  a  division  of  its  cavity  by  one  nr 
two  membranous  partitions.  This  air-bag  usually  communicates  wilh 
some  part  of  the  alimentary  canal  near  the  stomach,  by  means  of  a  sliori 
wide  canal  termed  the  duetus  pneumaticut ;  hut  sometimes,  as  in  ihi^ 
9u!ord-Ji»k,  it  has  no  manifest  opening,  and  we  lind  it  connected  willi  n 
glandular  and  highly  vascular  organ,  which  has  been  supposed  to  aecrctr 
the  gas  that  it  contains.*  The  true  character  of  the  structure  is  meet 
remarkably  shown  iu  the  Lepidoateiia  or  bony-pike  of  the  North  AmericM 
lakes  (5  114).  Tliis  curious  fish,  which  presents  many  points  of  approii- 
mation  to  the  lizard  tribe,  has  the  air-bladder  diviileil  into  two  sacs  thit 
possess  a  cellular  structure, — the  tracliea  which  proceeds  from  it  opening 
high  up  in  the  throat,  and  being  surmounted  with  a  glottis.  Since  muj 
Fishes  are  knowu  to  swnllow  air  and  eject  it  as  carbonic  acid  gas,  it  wuulil 
scarcely  seem  impossible  that,  where  a  communication  exists  hetween  tliD 
alimentary  canal  and  the  air-bladder,  the  latter  organ  is  concerned  in  tlie 
change  :  for  the  process  of  respiration  is  performed  hy  an  action  resembling 
swallowing,  in  frogs  and  other  Amphibia,  which  possess  no  rib»  or 
diaphragm ;  and  in  those  curious  species  which  are  modified  for  both 
aerial  and  aquatic  respiration,  the  lungs  ore  scarcely  more  highly-oi^gui- 
ised  than  the  air-sacs  of  the  Lepidostens.  Another  Fish  may  be  men- 
tioned as  presenting  a  corresponding  structure, — the  Cuchxa — the  p*cu- 
liarity  of  whose  circulating  system  has  been  already  noticed  (§362).  Hot, 
also,  there  is  but  a  smgle  branchial  orifice,  which  is  situated  under  ihc 
throat ;  and  this  leads  by  a  passage  on  each  side  to  the  gills,  of  whidi 
there  are  only  two  rows,  and  these  but  slightly  developed.  The  prindjal 
organs  of  respiration  are  two  small  air-bladders,  placed  behind  the  bend, 
and  communicating  with  the  cavity  of  the  mouth  by  an  orifice  on  etch 
side,  which  is  provided  with  a  sort  of  constrictor  muscle  that  servej  W 
contract  or  entirely  close  it,  and  which  thus  resembles  a  glottis.  Fwa 
what  has  been  said  of  the  anatomical  structure  of  this  curious  Fish,  itii 
obrious  that  it  possesses  the  circulation  of  lleptilea,  and  the  respiration 
partly  of  that  class  aud  partly  of  Fishes.  Its  blood  will,  therefore,  be  !«■ 
oxygenated  than  in  the  regular  types  of  either  class ;  since  the  respiraloit 
organs  are  less  adapted  for  its  aeration  than  those  of  Reptiles,  and  only  » 
part  of  the  blood  is  sent  to  them  instead  of  the  whole  as  in  Fishes.  To 
this  deficiency  we  may  attribute  the  obtnseness  of  its  senses,  and  slugg^b- 
ness  of  its  movements,  which  form  a  striking  contrast  to  the  vivadty  of 

•  Accordine  to  Von  Bar,  the  air-blnddcr  is  developed  hb  a  pritceit  or  rfitwrlicM^ 
from  the  phuryns: ;  so  that,  when  tt  forma  a  closed  sac,  the  original  communication  niui< 
have  been  obJitcmlcd. 
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the  Eel.  It  is  generally  found  lurking  in  holes  and  crevices  on  the  muddy 
banks  of  marshes  or  slow-moving  rivers.  The  power  which  the  animal 
possesses  of  distending  the  respiratory  sacs  with  air,  while  on  land,  and 
the  necessity  it  is  under  of  rising  to  the  surface  of  the  water  for  the  same 
purpose,  prove  beyond  a  doubt  that  they  perform  the  function  of  lungs ; 
and  lead  us  to  the  conclusion,  therefore,  that  the  Cuchia  is  amphibious  in 
the  strict  sense  of  the  word — ^forming  a  connecting  link  between  the 
Ophidian  Beptiles  and  the  Synbranchus  among  Fishes.*  A  similar 
admixture  of  the  characters  of  the  two  classes  is  found  in  the  recently- 
discovered  Lepidosiren  (§  114). 

474.  The  uses  of  the  air-bladder  in  those  Fishes  which  possess  no 
ductus  pneumaticus  are  involved  in  some  obscurity.  That  it  is  not  imme- 
diately connected  with  the  function  of  respiration  appears  sufficiently 
evident ;  and  this  seems  one  of  the  instances,  of  which  many  might  be 
pointed  out  both  in  the  Vegetable  and  Animal  kingdoms,  where  the  rudi- 
mentary form  of  an  organ,  that  attfdns  its  full  development  in  other 
classes,  is  adapted  to  discharge  some  office  quite  different  from  that  to 
which  it  is  destined  in  its  perfect  state.  The  gas  which  it  contains  is 
composed  of  the  same  elements  as  atmospheric  air,  namely  oxygen,  nitro- 
gen, and  carbonic  acid ;  but  these  are  mixed  in  proportions  that  are  very 
liable  to  variation.  It  has  been  said  that  oxygen  is  deficient  in  the  con- 
t^ts  of  the  air-bladder  of  fresh-water  fishes,  and  is  predominant  in  that 
of  fishes  which  remain  at  considerable  depths  in  the  sea.  This  organ  is 
altogether  absent  in  fishes  accustomed  to  remain  at  the  bottom,  and  whose 
movements  are  slow;  whilst  it  is  of  large  size  in  those  remarkable 
for  vehement  and  prolonged  movements,  especially  in  Flying-fish  of 
various  species.  It  is  generally  supposed  that  the  fish  is  enabled  by 
means  of  the  air-bladder  to  alter  its  specific  gravity,  by  compressing  the 
bag  or  permitting  its  distension ;  but  experiment  shows  that,  a^r  the 
organ  has  been  removed,  a  fish  may  still  retain  the  power  of  raising  or 
lowering  itself  in  the  water. 

475.  The  transition  which  has  already  been  dcfiscribed,  as  occurring 
between  the  class  of  Fishes  and  that  of  reptiles,  and  as  being  manifested, 
not  only  in  the  permanent  and  complete  forms,  but  during  the  progress  of 
the  development  of  individual  organs,  is  nowhere  more  beautifully 
mdicated  than  in  the  respiratory  apparatus.  All  of  the  order  Batrachia 
(otherwise  caUed  Amphibia),  when  young  and  imperfect,  inhabit  the 
water  solely,  and  are  in  fact  pro  tempore  Fishes.  Their  organs  of  respira- 
tion are  of  course  formed  on  the  aquatic  type,  consisting  of  branchiae ; 
and,  in  their  early  development,  they  undergo  the  same  change  with 
those  of  fishes.  In  all  instances  they  are  at  first  external,  hanging  like 
tufts  from  the  neck ;  and  this  state  continues  in  the  Proteus,  Siren,  and 
other  species  of  the  family  of  perennibranchiate  Amphibia  (which  retain 

*  Taylor  in  Brewster's  Journal,  1831. 
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their  gills  through  life).  In  those,  however,  whose  development  proceeds 
further,  as  frogs,  salamanders,  &c.,  they  are  subsequently  more  or  km 
enclosed  by  a  fold  of  the  skin,  which  forms  a.  metubranous  valve,  allall^ 
gous  to  the  bouy  operculum  of  fishes.  In  frogs,  the  branchial  cavity  tbns 
formed  13  closed  completely  on  the  right  side,  and  the  water  which  pass's 
into  it  is  ejected  through  the  opening  that  remains  in  the  left.  As  Hk 
tadpole  advances  towards  the  final  change  which  is  ta  conwrt  it  from  1 
fish  into  a  reptile,  the  gills  entirely  disappear,  and  lungs  are  dcvelopd, 
by  which  it  breathes  for  the  remainder  of  its  life.  These  lungs  are  nol, 
however,  minutely  subdivided  like  those  of  Birds  or  Mammalia ;  a  \up 
part  of  their  caiity  is  simple  ;  and  the  appearance  of  partitions  is  aliuosl 
restricted  to  the  top  (Fig.  l.iO).  It  appears  as  if,  in  the  famUy  of  pcmi* 
iiibrancUiate  Amphibia,  the  development  had  been  checked  just  at  tlw 
period  of  the  transformation ;  for  we  find  their  permanent  form  eiartlj 
corresponding  with  that  which  is  trangilonj  in  those  that  undergo  a  com- 
plete metamorphosis,  and  resembling  that  which  has  been  artificiallv 
rendered  permanent  in  the  latter  by  a  due  regulation  of  the  siwi 
stimuh  (§  222).  It  is  not  a  little  curious  that  the  habitation  of  [lit 
least-developed  of  these  animals,  the  Proteus,  subjects  it  to  exactly  tlii' 
same  conditions  as  those,  by  which  Dr.  Edwards  found  that  he  eouiiJ 
retard  the  development  of  the  frog ;  and,  until  analogous  species  were 
found  elsewhere,  it  was  believed  to  be  the  Larva  of  some  more  perftft 
Reptile. 

•176.  The  members  of  this  family  of  Pereanibranchia  (which  are  llif 
only  true  amphibious  animals)  possess  lungs  more  or  less  developcil; 
those  of  the  Proteat  being  very  similar  to  the  air-bags  of  Fishes,  whilst 
those  of  the  Siren  exhibit  some  degree  of  partition  into  cells.  The  tnlw 
by  which  they  open  into  the  mouth  bears  greater  analogy  to  the  duclua 
pneumatictis,  than  to  the  trachea  of  his;her  animals,  being  simply  niem- 
bnuious  without  an  appearance  of  rings ;  and  the  glottis  in  which  il 
terminates  is  a  mere  sht  in  the  throat.  Thus,  the  transition  from  lln' 
simple  closed  sac  of  Fishes,  to  the  more  L'om])lex  subdivided  lung  of  tk 
frogs  and  land-salamanders,  is  perceived  to  be  very  gradual ;  wliilst,  A 
the  same  time,  the  point  of  connection  between  the  respiratory  cavity  and 
the  alimentary  tube  may  be  observed  to  ascend,  by  similar  gradalioo*! 
from  the  stomach  or  some  neighbouring  part  to  the  ceaophagus,  aud  "t 
lost  to  the  mouth.  Although  all  the  animals  which  relaui  their  gills  il 
the  same  time  that  they  acquire  lungs,  are  more  or  less  adapted  both  w 
aerial  and  aquatic  respiration,  the  relative  degree  of  the  two  varies  witli 
the  comparative  development  of  their  organs.  Thus,  in  the  Siren,  llii; 
pulmonic  respiration  is  more  estensiTe  and  important  than  the  branchial; 
hut  the  reverse  is  the  case  in  the  Proteus.  Even  the  Siren,  however,  ilii*, 
if  its  branchial  respimtiou  be  preicuted  bv  dryness  of  the  gilts.  lu  lh( 
AmjihiiiHKi  uiid  MtaxiiMiiiia  (whose  euriy  condition  is  not  known)  llie  lui«p 
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are  more  developed  ;  and  the  animals  seem  to  breathe  by  them  alone,  no 
branchial  filaments  being  present.  Still,  however,  the  blood  circulates 
along  the  branchial  arches,  as  in  the  truly  amphibious  condition.  In 
taking  leave  of  respiration  by  gills,  it  must  not  be  forgotten  that,  even  in 
the  most  developed  condition  of  their  structure,  these  organs  are  covered 
with  vibratile  cilia  of  precisely  the  same  character  as  those  which  seemed 
to  be  the  only  organs  connected  with  this  function  in  the  lowest  and  sim- 
plest animals.  In  both  cases,  however,  their  purpose  would  seem  to  be 
the  same,  viz.,  to  create  currents  over  the  surface  on  which  they  are  fixed, 
which  shall  constantly  renew  the  stratum  of  fluid  in  apposition  with  it. 
In  the  larva  condition  of  the  Amphibia,  they  are  not  confined  to  the  gills, 
however,  but  act  over  the  whole  body ;  and,  in  the  adult,  the  general 
surface  appears  peculiarly  connected  with  the  function  of  respiration,  the 
soft  moist  skin  being  an  excellent  medium  for  the  exposure  of  the  blood  to 
the  air.  Experimental  proofs  of  the  degree  in  which  the  general  surface 
of  Fishes  and  Batrachians  may  be  regarded  as  sharing  in  the  process  of 
aeration,  will  be  hereafter  given  (§  489). 

477.  In  Serpents,  we  usually  find  a  long  cylindrical  sac,  only  divided 
into  cells  at  its  upper  part,  and  generally  extending  along  the  tail;  in 
some  genera,  however,  this  sac  is  double  ;  and  where  there  is  only  one,  it 
is  that  on  the  right  side  which  is  developed,  the  other  remaining  in  its 
radimentary  state.     From  the  great  capacity  of  the  respiratory  sac,  the 
mobiUty  of  their  ribs,  and  the  power  of  their  intercostal  muscles.  Serpents 
are  capable  of  rapidly  inspiring  and  expiring  a  large  quantity  of  air,  by 
which  the  want  of  an  extensive  surface  is  compensated,  and  energy  is 
imparted  to  their  muscular  exertions.     It  is  the  prolonged  expulsion  of 
the  air  after  the  lung  has  been  Ailly  inflated,  that  gives  rise  to  the  con- 
tinued hissing  sound  by  which  these  animals  sometimes  alarm  their  prey. 
In  the  aquatic  Serpents,  the  large  volume  of  air  contained  in  the  body 
serves  to  render  it  buoyant,  and  at  the  same  time  suppHes  the  wants  of  the 
animal  during  a  prolonged  immersion.      Serpents  may  be  regarded  as 
representing,  in  their  general  conformation,  the  lower  Articulated  classes 
among  Vertebrata,  whilst  Birds  evidently  typify  the  Insect  tribes.     The 
prolongation  of  the  lung  through  nearly  the  whole  extent  of  the  body, 
and  its  low  degree  of  development,  indicated  by  its  almost  entire  want  of 
cellular  subdivision,  forcibly  remind  us  of  the  pulmonary  sacs  of  the  Leech 
or  Earthworm. 

478.  In  the  Saurian  reptiles,  we  still  find  a  very  imperfect  subdivision 
of  the  pulmonary  sacs ;  but  they  are  equally  developed  in  both  sides  of  the 
body.  In  the  lower  genera  of  this  order,  there  is  scarcely  any  appearance 
of  cells ;  but  when  we  have  advanced  upwards  to  the  Crocodile,  we  find 
the  lungs,  though  externally  small,  subdi\ided  to  a  great  degree  of  minute- 
ness by  internal  partitions  ;  and  we  also  find  a  rudimentary  condition  of 
the  diaphragm,  which  is  entirely  wanting  in  all  the  iufeviot  ^exv^i^t,  \\v^vc 
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lungs  frequently  extending  through  the  whole  trunk.  In  the  Chameleon^ 
for  instance,  as  well  as  in  many  other  Lizards,  the  lungs  extend  fa' 
heneath  the  skin ;  and,  hy  their  fulness  or  emptiness  of  air,  give  rise  to 
the  plump  or  lean  appearance,  either  of  which  these  animals  have  the 
power  of  assuming  hy  the  simple  processes  of  inspiration  or  expiration.  It 
is  not  a  Uttle  curious  that  in  the  Crocodile  are  found  two  openings,  leading 
from  the  surface  to  the  interior  cavity  of  the  ahdomen,  which  is  lined  by 
the  peritoneum.  This  structure  is  evidently  similar  in  character  to  that 
which  has  heen  descrihed  in  the  Holothuria  (§  457) ;  whether  it  is  adapted 
to  the  same  purpose  is  not  yet  fiilly  ascertained.  It  has  heen  supposed  by 
Geoff.  St.  Hilaire,  that  the  superior  energy  of  the  Crocodile  when  immersed 
in  water  is  due  to  the  penetration  of  that  fluid  into  the  ahdominal  canity, 
and  the  consequent  conversion  of  the  peritoneum  into  an  additional  respi- 
ratory surface.  Whether  this  be  correct  or  not,  it  is  worthy  of  notice  that 
the  sternum  is  prolonged  over  the  front  of  the  ahdomen,  and  the  sides 
fortified  with  ribs  Uke  the  thorax ;  a  structure  of  which  the  indications  are 
readily  traced  in  the  linea  alba  and  linece  transversales  on  the  abdonuDal 
muscles  of  Mammaha.  The  structure  of  the  bmgs  in  Turtles  and  other 
Chelonia  is  very  similar  to  that  exhibited  by  the  higher  lizards ;  the  sacs 
are  very  capacious,  and  have  few  subdivisions  ;  and  they  materially  assist, 
by  the  quantity  of  air  they  contain,  in  buoying  up  the  heavy  trunk  of  these 
animals  when  sailing  on  the  surface  of  the  water.  The  Chelonia,  like  the 
inferior  Reptiles,  are  obliged  to  distend  the  lungs  by  a  process  resembling 
swallowing ;  the  diaphragm  being  nowhere  developed  in  a  sufficient 
degree  to  be  capable  of  producing  active  inspiratory  movements.  Thus, 
however  paradoxical  it  may  appear,  a  Reptile  can  be  prevented  fiwm 
respiring  by  holding  its  mouth  open. 

479.  The  respiratory  apparatus  of  birds  is  intermediate,  in  the 
perfection  of  its  development,  between  that  of  Reptiles,  and  that  of 
Mammalia.  In  this  class,  as  in  Insects,  it  extends  through  a  great 
part  of  the  body  ;  large  sacs  connected  with  the  lungs  being  con- 
tained in  the  abdomen,  and  even  continued  beyond  the  cavity  of 
the   trunk,   as  under    the    skin  of  the  neck  and  extremities.*     Even 

*  Various  surmises  have  been  formed  on  the  particular  uses  of  these  air-sacs  in  the 
economy  of  the  Bird  ;  and  it  does  not  seem  improbable  that,  besides  contributing  to  the 
function  of  respiration  by  the  extension  of  surface  they  afford,  they  have  some  subsidiary 
purposes.  One  of  the  most  evident  is  that  of  rendering  the  body  specifically  lighter,  as 
in  Insects ;  and  this  will  be  obviously  assisted  by  the  great  heat  of  the  system,  which 
rarifies  the  contained  air.  Again,  the  distension  of  the  air-cells  assists  in  keeping  the 
wings  outstretched  ;  as  is  shown  by  the  fact  that  inflation  of  those  situated  in  the  neigh- 
bourhood of  their  muscles  is  followed  by  their  expansion  ;  this  must  be  a  most  important 
economy  of  muscular  action  in  birds  which  hover  long  in  the  air.  Their  evident  anal(^ 
to  the  pulmonary  sacs  of  insects  is  confirmed  by  their  relatively  larger  dimensions  in  birds 
of  long-continued  and  rapid  motion,  than  in  the  slow-moving  tribes  which  are  almost 
confined  to  the  earth  or  waters.     It  has  been  remarked  in  addition,  that  "the  same  air 
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the  bones  are  made  subservient  to  this  function ;  for  though  at  an  early 
period  they  possess  a  spongy  texture,  like  those  of  the  Reptiles,  and  are 
filled  with  thin  marrow,  they  subsequently  become  hollow,  and  their  cavi- 
ties communicate  with  the  lungs;  in  the  aquatic  species,  however,  the 
original  condition  is  retained  through  life.  In  those  Birds  of  which  the 
bones  are  thus  permeated  by  air,  the  trachea  may  be  tied,  and  the  animal 
will  yet  continue  to  respire  by  an  opening  made  in  the  humerus  or  even  in 
the  femur.  The  lungs  are  confined,  as  in  Tortoises,  to  the  back  part  of  the 
cavity  of  the  trunk ;  they  are  of  a  spongy  texture,  but  much  less  minutely 
subdivided  than  those  of  Mammalia.  No  diaphragm  exists  in  Birds, 
except  in  a  few  species  which  form  in  this  and  other  respects  a  transition 
to  the  class  MammaHa  ;  of  these  the  Ostrich  is  one ;  but  a  more  complete 
diaphragm  exists  in  the  Apteryx,  From  the  maimer  in  which  the  lungs 
are  connected  with  the  walls  of  the  chest,  the  state  of  distension  is  the 
natural  or  passive  condition,  and  the  act  of  expiration  is  forced.  It  is 
beautiful  to  observe  that  in  Birds,  as  in  Insects,  the  great  extension  of  the 
respiratory  surface  is  given  by  a  simple  increase  in  the  capacity  and  pro- 
longation of  the  sacs,  and  not  by  that  concentration  of  it  into  a  small  bulk 
which  is  effected  by  the  minute  partitioning  of  their  cavity,  and  which 
indicates  the  highest  form  of  the  respiratory  organs.  Another  analogy  to 
the  character  of  the  respiratory  system  of  Insects  is  this :  in  them  the 
whole  of  the  aeration  is  effected  by  bringing  the  air  in  contact  with  the 
blood  actually  circulating  through  the  system  ;  whilst,  in  the  higher  air- 
breathing  animals,  possessed  of  a  more  centralised  apparatus  (whether 
consisting  of  lungs  or  gills),  the  blood  is  transmitted  through  it  by  a 
special  adaptation  of  the  vascular  system,  in  the  intervals  of  its  circulation 
through  the  body.  In  Birds  is  presented  a  curious  adaptation  of  the  latter 
more  elevated  type  to  the  conditions  of  their  existence ;  for,  whilst  the  air 
introduced  into  the  lungs  acts  upon  the  blood  transmitted  by  the  pulmonary 
vessels,  that  which  fills  the  air-cells  and  cavities  of  the  bones  comes  into 
relation  (as  in  Insects)  with  the  capillaries  of  the  system  at  large. 

480.  The  respiration  of  mammalia  is  not,  like  that  of  Birds,  extended 
through  the  system,  but  is  restricted  to  the  lungs;  and  as  a  perfect 
diaphragm  is  now  developed,  which  completely  separates  the  thoracic  from 
the  abdominal  cavity,  these  organs  are  confined  to  the  former.     Although 

vhich  exerts  its  renovating  influence  upon  the  blood,  supports  all  the  more  delicate 
etractures  which  it  reaches  and  surrounds,  as  a  cushion  of  the  most  perfect  softness  and 
elasticity  ;  so  that  by  the  most  rapid  motion,  and  the  most  violent  twitches  which  the 
N)dy  receives  in  the  changes  and  turnings  of  that  motion,  there  can  be  no  concussion  of 
the  parts  more  immediately  necessary  for  the  life  of  the  birds."  It  would  scarcely  seem 
improbable  that  the  large  air-cells,  which  are  found  extending  beneath  the  integument  of 
the  whole  body,  especially  the  under  surface,  of  the  Pelican  and  Gannet,  serve  to  deaden 
the  concussion  which  the  system  must  experience  when  the  bird,  after  raising  itself  to 
considerable  height  in  the  air,  lets  itself  suddenly  fall  upon  the  water  in  putswiX,  ot  \\& 
finny  prey. 
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their  bulk  is  proportionBlly  so  much  smaller  than  that  of  the  pultnonarr 
sacs  of  Birds,  or  even  of  l{«{)tiles,  the  actual  amount  of  surface  over  whicli 
the  blood  is  exposed  to  atmospheric  influence,  is  beyond  comparison  lar^r, 
owing  to  their  very  minute  subdivision  into  cells  (Figs.  151,  2).  Tbe 
want  of  capacity,  too,  is  compensated  by  the  active  movements  of  inspin- 
tion  and  expiration,  which  constantly  and  most  effectually  renew  their 
contents ;  for,  by  the  contraction  of  the  diaphragm,  and  the  elevation  of 
the  ribs,  the  cavity  of  the  thorax  is  greatly  enlarged,  aud  the  air  rushes 
into  the  lungs  to  fill  up,  by  distending  them,  the  vacuum  thus  created; 
and  the  diaphragm  being  relaxed,  and  pushed  upwards  by  the  contractioD 
of  the  abdominal  muscles  upon  the  contained  viscera,  and  the  ribs  being  a 
the  same  time  depressed,  the  cavity  of  the  chest  is  again  diminished  anil 
the  contents  of  the  lungs  expelled.  It  has  been  ascertained  by  e.vperiiociiis 
made  for  the  purpose  of  discrimination  between  the  lungs  which  Lave  b«n 
distended  by  natural  inspiration,  and  those  which  have  been  artificiilly 
inflated  (a  point  of  much  importance  in  criminal  enquiries  as  to  luraiiii- 
cide),  that  in  the  former  case  a  much  more  minute  injection  of  the  ultiniili' 
air-ccDs  takes  place,  than  in  the  latter ;  and  that  while  portions  of  the  luii)[ 
which  have  been  artificially  inflated  may  be  compressed  in  sueli  a  manjier 
as  to  sink  in  water,  the  air  cannot  be  expelled  in  a  similar  manner  (rom 
lungs  which  have  once  breathed  naturally,  without  their  structure  beiiiK 
entirely  broken  down.  This  fact  serves  to  show  the  superiority  of  a  looJi' 
of  respiration  hke  that  of  the  Mammalia,  over  the  deglutition  of  air  practisrd 
by  Reptiles.  The  lungs  are  greatly  developed  in  all  the  more  [wwerfol 
Mammaha,  as  in  the  carnivorous  species ;  but  they  are  comparatively  smaller 
in  their  extent  of  surface  in  the  feeble  and  inferiorly-organised  herbivon, 
The  varieties  of  these  organs  presented  by  the  different  orders  of  quadrupeds 
relate  chiefly  to  their  exterior  divisions,  and  to  their  greater  or  less  efl|ia- 
city;  the  plan  of  structure  being  nearly  the  same  in  all.  It  is  interestiii); 
to  remark,  however,  that  in  every  case  the  lungs  are  largest  op  the  ri^hl 
side ;  we  have  seen  that  in  Serpents,  where  only  one  lung  is  developed,  il 
is  also  the  right ;  and  even  In  the  air-breathing  Gasteropoda  the  pulmonit 
cavity  is  on  the  same  side.  This  fact  seems  to  have  a  connection  with  l!ir 
superior  energy  of  the  members  on  the  right  side,  which  is  by  no  inewis 
confined  to  man,  or  acquired  by  habit,  as  some  have  supposed. 

481,  We  observe  in  the  respiratory  system  of  Mammalia  the  hi|hesl 
degree  of  connection  between  the  organic  and  animal  functions  which  is  ntif 
where  exhibited.  The  mere  act  of  the  aeration  of  the  blood  is  as  complelely 
independent  of  the  animal  powers  in  them,  as  in  the  simplest  beings  io  Ibis 
kingdom,  or  as  the  corresponding  process  in  Plants.  But  to  give  suffidcnl 
opportunity  for  the  energetic  performance  of  this  fiinctiou  which  is  requiml 
by  the  higher  Animals,  an  immense  extension  of  surface  becomes  neces- 
sary ;  and  as  this  extension  obviously  could  not  be  produced,  consisleutlj 
with  the  otliLT  coiidilions  of  their  existence,  by  a  iiroportional  increase  iii 


their  externnl  superficies  (as  in  plants),  it  is  evident  that  some  mmns  must 
lie  provided  for  constantly  renewing  the  air  in  rontnct  with  the  delicate 
partitions  of  the  minutely-divided  cells  of  the  internal  organs.  This  is 
ftccomplishcd  by  the  respiratory  movements,  which  are  performed  by  the 
muscular  and  nervous  systems  (§  3?)  ;  hut  these  are  not  more  immediately 
connected  with  the  aeration  of  the  blood,  than  is  the  action  of  the  heart 
which  propels  that  fluid  to  the  lungs  (§  254,  255). 

482.  The  preceding  sketch  of  the  progressive  evolution  of  the  respiratory 
system  in  the  Animal  scale  may  seem  to  have  been  extended  to  a  dispro- 
portionate degree ;  but  fuller  details  have  been  entered  into  on  this  subject 
than  have  been  elsewhere  given,  since  it  is  one  peculiarly  adapted  to  furnish 
iHustratiotts  of  the  general  laws  which  have  been  previously  enunciated. 
The  function  of  aeration  is  one  capable  of  being  particularly  well  defined ; 
and,  as  any  structure  atlapted  to  it  beeomes  at  once  a  respiratory  organ, 
there  can  he  no  dilfieidty  in  tracing  the  analogies  between  the  correspond- 
ing parts  m  different  animals,  except  in  cases  where  they  have  undergone 
n  raetamorphitsis  for  the  sake  of  being  adapted  to  some  other  piu^ose,  oa 
the  wings  of  Insects,  or  the  swimming-bladder  of  Fishes.  It  has  been  seen 
that  the  fiindamental  character  of  the  respiratory  organs  is  everywhere  the 
same,  however  different  their  estemal  form  ;  and  that  it  is  only  the  dispo- 
sition of  their  parts  that  is  varied,  in  accordance  with  the  circumstances  in 
t:h  their  ftmction  is  to  be  performed.  The  progressive  specialisation  of 
flmctiou  has  been  traced  in  ascending  the  series,  by  marking  the  evolu- 
of  a  particular  apparatus  for  its  exercise,  and  the  restriction  of  it  to 
that  apparatus ;  in  no  instance  has  aoy  sudden  change  in  character  been 
witnessed ;  hut,  in  the  classes  adjoining  those  in  which  a  new  organ  was  to 
be  introduced,  has  been  found  some  adumbration  of  it ;  yet  even  where  the 
action  is  most  highly  specialised,  the  general  surface  is  found  to  retain 
i-some  degree  its  participation  in  it,  as  will  be  presently  shown  (§  489), 
fe  shall  now  briefly  trace  the  evolution  of  the  respiratory  apparatus  in  the 
f  the  higher  Vertebrats;  resen-ing,  as  before,  the  account  of 
e  earliest  changes  in  the  ovum  to  a  future  jwriod  (chap,  xiii.),  and 
ing  until  that  period  the  description  of  the  oi^nus  which  are  peculiar 
pthe  foetal  condition,  and  which  serve  only  to  assist  in  the  conversion  of 
B  nutriment  supplied  from  the  parent  system,  as  during  the  germination 
leeds.* 

183.  At  about  the  tliird  day  of  the  development  of  the  cliick,  four  pairs 

pdefts  or  transverse  slits  are  observable  behind  the  mouth,  in  the  situ- 

1  of  the  branchial  apertures  of  Fishes  ;    and  at  the  same  time,  the 

ihial  vessels  "are  developed  from  the  aorta,  as  already  described  (§  378). 

'  It  ma;  here  be  remarkiHl,  hnwevor,  bj  way  of  comi>lGtiii(;  tlie  series  of  nnslngies,  that 

)t  tempomr;  membmne  af  the  oTum,  which  ncTvea  ns  its  first  reapinttory  orgim,  may  bo 

ded  with  much  probability  as  toneiponiiDg  with  the  Mimtic  and  gilla  of  the  Mol- 
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One  of  the  apertnres  ia  intermediate  between  each  pwr  of  rascuUr  uehei, 
just  as  in  the  gills  of  fishes  and  tadpoles.  Nothing  like  branchial  tufts, 
however,  are  developed  ;  and  the  appearance  described  is  very  transiloir, 
the  vessels  chan^ng  their  direction  and  condition  within  two  days.  The 
development  of  perfect  gills  would  have  been  useless,  as  the  animal  has  nol 
to  maintain  its  own  existence  Uke  the  tadpole,  hnt  subsists,  until  the  time 
of  the  perfect  evolution  of  its  respiratory  system,  npon  the  store  of  aUment 
furnished  by  the  parent.  It  is  evident,  however,  that  the  history  of  this 
evolution  is  so  far  the  same  as  in  Reptiles  and  Fishes.  The  lung  is 
developed,  like  the  air-bladder  of  Fishes,  as  a  direrlieulam  or  process 
from  the  upper  part  of  the  alimentary  canal.  Soon  after  the  middle  of  the 
third  day,  two  minute  wart-like  projections  are  seen  upon  the  tube,  whidi 
are  found  to  he  hollow,  and  to  communicate  with  its  cavity.  These  gn- 
dually  increase  in  size  ;  and  the  channels  of  communication  become 
elongated  into  tubes.  At  this  period,  therefore,  they  resemble  the  pul- 
■  monary  sacs  of  the  Cuckia.  A  httle  later,  the  tubes  partly  coalesce  into 
one,  and  enter  the  pharynx  by  a  single  apertiu*.  This  is  what  we  obserw 
in  the  Proteus  ;  and,  as  in  that  animal,  the  sacs  are  still  simple  nndiridsd 
bags.  After  a  little  time,  however,  they  send  out  prolongarions  in  variwu 
parts,  which  again  put  forth  others  ;  so  that  the  eavity  becomes  gradially 
more  complex,  just  as  we  observe  in  the  formation  of  other  glandular  strw- 
tures  (§  540).  The  laryn\  and  glottis  are  not  perfectly  formed  until  a  htc 
period.  The  history  of  the  evolution  of  these  organs  in  the  Mammalia  is 
precisely  analogous.  It  is  usually  at  about  the  sixth  of  the  period  uf 
uterine  gestation  that  the  rudiments  of  the  branchial  apparatus  are  seeu, 
as  marked  by  the  shortness  and  thickness  of  the  neck,  the  pcDetratioo  of 
the  sides  of  the  pharynx  by  the  branchial  clefts,  and  the  division  of  thf 
aorta  into  vessels  correspoufUng  in  number  and  distribution  with  the 
branchial  arteries  of  fishes.  These  general  features  have  been  observed 
in  the  embryos  of  most  orders  of  Mammalia,  not  excepting  man  him&elf; 
and  they  are  probably  common  to  all.  A  few  days  after  the  appearanw 
of  the  fifth  arch,  which  is  the  last  developed,  the  neck  begins  to  elongate, 
the  apertures  are  closed  gradually  on  tlic  outside,  while  the  vascular  arcbei 
undergo  those  changes  by  which  the  permanent  arterial  branches  ariang 
from  the  heart  are  formed.  The  lungs  in  Mammaha  are  developed  tnudi 
in  the  same  manner  as  in  Birds.  'ITiey  are  not  discernible  before  the 
period  when  the  branchial  apertures  begin  to  close  ;  a  single  mass  is  fiRl 
perceived,  which  is  soon  divided  into  the  rudiments  of  a  right  and  left 
lung  by  a  longitudinal  groove  ;  and  the  trachea  and  bronchi  are  sub- 
sequently developed,  as  in  Birds.  Scarcely  a  more  beautiful  iltustratiMi 
of  the  Unity  of  Design,  manifested  in  the  ereation  of  different  classes  «f 
animals,  could  be  adduced,  than  tliis  hidden  hut  not  obscured  corrcsponi!- 
ence  ;  and  the  inferences  to  be  drawn  from  it  could  hardly  be  nwft 
admirably  expressed  than  in  the  subjoined  passage  from  the  eloqucnl  pni 
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of  Professor  Powell.*  Nor  is  the  analogy  confined  to  Animals  alone  ;  for 
it  is  impossible  to  compare  the  stages  of  the  evolution  of  the  perfect  respi- 
ratory apparatus  in  the  higher  forms  of  the  two  kingdoms,  without  being 
struck  with  their  essential  correspondence.  In  the  flowering  Plant  we 
have  seen  a  temporary  respiratory  organ,  the  cotyledon,  first  developed, 
just  like  the  branchiae  of  a  tadpole  ;  and  disappearing  altogether  when  the 
evolution  of  the  permanent  aeratmg  apparatus  renders  it  unnecessary. 
And  just  as  the  system  which  is  the  permanent  one  of  the  lower  tribes  of 
animals,  is  transiently  indicated  in  the  early  development  of  the  higher, 
will  it  subsequently  appear  (§  600)  that  the  foHaceous  expansions  of  the 
inferior  stemless  Cryptogamia  are  to  be  regarded  as  the  analogues  of  the 
cotyledons  of  Flowering  plants,  and  thus,  hke  the  gills  of  aquatic  animals, 
continue  to  perform  their  functions  during  life  in  a  degree  adapted  to  the 
wants  of  the  system. 

484.  That  which  has  been  said  of  the  correspondence  of  the  essential 
stnictnie  of  the  respiratory  apparatus,  through  all  its  varieties  of  external 
form,  will  apply  with  equal  truth  to  its  function  also;  for,  in  whatever 
tribe  of  Animals  the  changes  composing  it  have  been  investigated,  they 
are  found  to  be  of  a  very  uniform  character.  The  object  of  these  changes 
appears  to  be  in  all  instances  the  Uberatidn  of  carbon  from  the  blood  in  a 
gaseous  state,  the  communication  to  it  of  oxygen,  and  the  exchange  of 
nitrogen  on  one  side  or  the  other.  It  will  be  more  convenient  to  enquire 
mto  the  particular  character  of  these  changes,  in  the  distinct  form  in  which 

*  '^  In  the  gradual  stages  of  the  process  here  unveiled,  we  perceive  organs  bestowed 
apparently  without  discrimination  as  to  the  future  destiny  of  the  creature :  adapted  in 
many  to  no  perceptible  end ;  in  fact  positively  useless  and  superfluous.     All  notion  of 
final  causes  seems  excluded ;  and  all  idea  of  adjustment  to  a  purpose,  violated.    Even  the 
mppression  of  a  useless  organ,  and  the  substitution  or  super-induction  of  one  which  is 
useful,  seems  a  circuitous  and  unnecessarily  complex  process  of  obtaining  the  end  ulti- 
mately accomplished.     But  when  we  look  at  the  regularity  of  the  system  on  which  all 
this  is  plamned ;  when  we  consider  that  these  useless  or  abortive  organs  are,  in  all  cases, 
constructed  on  one  simple  model;  when  we  observe  the  precise  order  in  which  they 
disappear,  exactly  in  accordance  with  the  destined  difference  of  function  in  the  different 
ipedes;  when  we  trace  the  undeviating  scheme  on  which  the  new  modifications  are 
RspectiTely  superinduced ;   when  we  regard  the  determinate  scale,  according  to  which 
the  whole  process  is  unalterably  carried  on ; — ^then  we  shall  be  urged  with  an  increasing 
ud  accumulating  force  of  conviction  to  the  conclusion  that  all  this  arrangement,  however 
apparently  complex,  is  in  reality  an  astonishing  instance  of  conformity  to  laws  of  the 
most  recondite  simplicity :  that  every  step  in  the  process,  however  apparently  superfluous, 
i«  m  strict  accordance  with  a  great  principle  of  uniformity :  that  every  stage  in  the  trans- 
fonnation,  however,  in  first  appearance,  destitute  of  a  direction  to  a  purpose  of  utility, 
yet,  if  it  answer  no  other,  has  its  direct  application  in  filling  up  a  place  in  the  universal 
harmony  and  incomparable  Unity  of  design,  which  pervades  all  organised  nature.     The 
very  singularity  of  the  provision,  well  considered,  evinces  the  enlarged  preservation 
of  analogy :  the  very  objection  and  difliculty  of  the  case  is  converted  into  an  evidence 
in  favour  of  the  argument  from  symmetry."    Connexion  of  Natural  and  Revealed 
Troth,  p.  145. 


they  are  presented  to  us  iu  the  higher  Aoimals,  before  proceeding  to  u 
tigate  tbeir  more  obscure  manifestations  in  the  inferior  tribes.      ~ 
changes  may  be  examined  either  in  the  circulating  fluid,  or  in  the 
which  it  has  been  exposed. 

485.  The  most  obvious  difference  between  the  fluid  bronglit  t 
lungs  for  aeration  after  passing  through  the  capillaries  of  the  system, 
and  that  which  has  undergone  the  process — or  in  short  betwecD  Teomu 
and  arterial  blood — is  its  colour,  which  is  dark  purple  (sometimes  called 
black)  in  the  former,  and  bright  red  in  the  latter.  The  alteration  in 
colour  may  be  produced  by  agitating  venous  blood  with  osygcn,  pt 
even  by  exposing  it  for  a  time  to  the  atmosphere  ;  in  the  latter  nw. 
however,  only  the  surface  acquires  the  arterial  tint.  The  bright  scadi^t 
colour  may  also  be  given  by  the  admixture  of  neutral  salts  ;  whilst 
the  addition  of  acids  renders  it  still  darker  and  prevents  the  chanp. 
When  venous  blood  is  placed  under  the  vacimm  of  an  air-pnmp.  a 
small  quantity  of  carbonic  acid  gas  is  given  out ;  but  a  larger  amimul, 
sometimes  one-sixth  of  the  whole  volume,  is  evolved  when  the  hloo"! 
is  nutated  with  atmospheric  mr,  hydrogen,  or  nitrogen.  Gas  mas  bo 
extracted  also  from  arterial  blood  by  means  of  the  air-pump,  and  ihis  is 
foTuid  to  consist  of  a  larger  proportion  of  oxygen.  From  the  experiutcnti 
of  Magnus,  the  latest  and  most  satisfactory  on  the  subject,  it  appears  llui 
the  oxygen  in  arterial  blood  amounts  to  about  J  or  ^^  "f  the  qiiantily  nf 
carbonic  acid  which  it  contains  ;  whilst  in  venous  blood  it  bears  the  pf"- 
portion  of  at  most,  -J-  and  often  only  J.  The  relative  quantity  of  nitrogni 
is  extremely  variable.  It  appears  that  these  gases  exist  in  the  blood  iu  ■ 
state  of  solution,  as  atmospheric  gas  is  found  in  river  and  sea  water :  but 
it  is  not  improbable  that  a  feeble  chemical  union  may  take  place  between 
the  oxygen  and  the  colouring  particles,  since  it  appears  to  be  by  its  acfym 
upon  them,  rather  than  by  the  extraction  of  carbonic  acid,  that  the  change 
of  tint  is  produced. 

486.  The  changes  in  the  air  which  has  been  respired  are  capahkof 
being  examined  with  greater  accuracy.  They  may  be  considered  unA" 
four  heads; — I.  The  disappearance  of  oxygen,  which  is  absorbed.  2.  Tht 
presence  of  carbonic  acid,  which  has  been  exhaled.  3.  The  absorption  of 
nitrogen.  4.  The  exhalation  of  nitrogen.  The  oxygen  which  disappevs 
is  usually  more  than  is  contwncd  in  the  carbonic  acid  expelled,  so  that  it 
must  be  actually  absorbed  into  the  system  ;  and  this  we  find  to  be 
especially  the  case  in  the  lower  classes  of  Vcrtehrata,  and  in  all  young 
animals.  The  quantity  varies  in  such  proportion,  that  it  somedmci 
exceeds  the  third  part  of  the  carbonic  acid  formed,  and  is  si 
small  that  it  may  be  disregarded, — the  difference  depending,  not  ( 
the  constitution  of  the  species,  but  on  the  comparative  degree  o 
ment,  and  on  individual  varieties  among  adults.  This  fact,  v 
Urat  established  by  the  admirable  experimeats  of  Dr.  Edwards,  ( 


RESPIRATION    IN    ANIMALS.  369 

the  result  obtained  by  Messrs.  Allen  and  Pepys,  who  found  the  quantities 
of  oxygen  lost,  and  of  carbonic  acid  produced,  to  be  the  same ;  from 
which  it  was  inferred,  that  the  office  of  the  oxygen  was  merely  to  remoye 
the  carbon  from  the  system.  These  gentlemen  took  the  greatest  care  to 
obtain  accurate  results  ;  but  their  experiments  were  made  on  two  species 
only, — ^Man  and  the  Guinea-pig.  It  is  evident  that  the  absorption  of 
oxygen  is  necessary  to  communicate  to  the  blood  its  powers  as  a  vital 
stimulus  ;  since  animals  do  not  long  support  Ufe  without  it,  although  the 
usual  quantity  of  carbonic  acid  be  removed  by  other  means.  With  regard 
to  the  production  of  carbonic  acid,  there  is  now  quite  sufficient  evidence  to 
prove,  that  it  is  not  generated  by  the  contact  of  oxygen  and  carbon  in  the 
lungs,  as  was  formerly  supposed ;  since  it  is  not  only  found  to  exist  in 
venous  blood,  but  in  the  products  of  the  respiration  of  gases  entirely 
free  from  admixture  with  oxygen.  Such  an  experiment  can  only  be 
performed  on  animals  which  can  sustain  for  a  time  the  absence  of  the 
stimulus  of  oxygen.  That  Snails  confined  in  hydrogen  will  generate 
carbonic  acid,  was  long  ago  shown  by  Spallanzani ;  but  the  recent  ex- 
periments of  Edwards,  Miiller,  &c.  upon  Frogs  are  more  satisfactory,  both 
from  their  superior  accuracy,  and  from  their  freedom  from  the  objection 
which  might  be  raised  against  the  others,  on  the  ground  of  the  low  place 
of  their  subjects  in  the  Animal  scale.  It  appears  that,  when  confined  in 
hydrogen,  frogs  will  give  out  carbonic  acid,  for  a  time  at  least,  as  rapidly 
as  in  atmospheric  air ;  and  that  the  quantity  generated  in  nitrogen  is  not 
much  inferior. 

487.  These  results  are  evidently  conformable  with  the  principles  for- 
merly stated  as  regulating  the  mutual  diffusion  of  gases.  Owing  to  its 
energetic  reaction  with  carbonic  acid  (occasioned  by  its  great  difference  in 
specific  gravity),  hydrogen  removes  it  from  the  blood  with  greater  force 
than  any  other  gas ;  so  that  venous  blood  will  give  off  carbonic  acid  when 
eiqx)sed  to  an  atmosphere  of  hydrogen,  even  after  it  has  been  submitted 
to  the  exhausting  power  of  a  vacuum.  It  is  obvious,  however,  that,  for 
the  continued  generation  of  carbonic  acid,  oxygen  must  be  supplied  from 
without,  as  there  is  no  superfluity  of  it  in  the  system.  The  following, 
therefore,  appears  to  be  the  history  of  the  changes  which  the  blood 
undergoes  in  its  passage  through  the  body.  In  the  capillaries  of  the  lungs 
it  becomes  charged  with  oxygen,  which  it  carries  into  those  of  the  system  ; 
in  the  course  of  the  actions  which  there  occur  between  the  nutritious 
fluid  and  the  textures  it  supports  and  stimulates,  part  of  the  oxygen 
disappears,  and  carbonic  acid  takes  its  place  ;  the  venous  blood,  therefore, 
returns  to  the  lungs,  holding  this  in  solution,  together  with  the  imabsorbed 
oxygen ;  and,  in  the  capillaries  of  the  lungs,  the  former  gas  is  removed  by 
the  atmosphere,  and  replaced  again  by  oxygen, — ^the  interchange  being 
entirely  in  accordance  with  the  physical  principles  already  stated.* 

*  This  view  of  the  function  of  Respiration  was  given  in  a  paj^i  wY\\cVi  V>:ve  KuV}lck^A 
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488.  With  regard  to  the  absorption  and  exhalation  of  nitrogen.  Dr. 
Edwards  has  shown  that  both  these  processes  are  constantly  going  on, 
but  that  their  relative  activity  varies  in  different  species  and  at  different 
parts  of  the  year.  It  appeared  that  an  increase  in  the  volume  of  nitrc^n 
in  the  respired  air  took  place  in  most  young  animals,  and  during  the 
summer  months ;  but  that,  in  the  autumn  and  winter,  there  is  a  con- 
siderable absorption  when  adult  animals  are  employed.  It  is  a  curious 
question  which  is  yet  undecided,  whether  herbivorous  animals  absorb 
more  nitrogen  from  the  atmosphere  than  those  of  carnivorous  habits; 
for,  as  nitrogen  exists  scantily  in  most  vegetables,  but  enters  largely  into 
the  constitution  of  all  animal  bodies,  it  does  not  seem  unlikely  that  this  is 
the  source  from  which  it  is  derived,  when  not  contained  in  the  food. 
It  is  probable,  however,  that  no  animal  could  exist  long,  if  fed  on  purely 
unazotised  principles. 

489.  The  function  of  Respiration  is  not  confined  to  the  lungs,  even  in 
animals  which  possess  them  in  their  most  developed  form.  The  blood 
which  circulates  through  the  capillaries  of  the  skin  is  aerated  by  commu- 
nication with  the  atmosphere,  wherever  there  is  no  impediment  offered 
by  the  density  of  the  tegumentary  covering.  In  Amphibia,  espedaUj 
frogs,  the  cutaneous  respiration  is  of  such  importance  to  the  animal,  that, 
if  impeded  by  covering  the  skin  with  oil  or  other  unctuous  substance, 
death  will  take  place  almost  as  soon  as  if  the  lungs  were  removed ;  and  the 
animal  may  be  supported  for  a  considerable  time  by  it  alone,  if  the  tem- 
perature be  not  too  high.  In  such  circumstances  it  is  found  that  carbonic 
acid  is  generated  in  an  atmosphere  of  hydrogen,  as  by  pulmonary  respira- 
tion. In  like  manner,  if  Birds  or  Mammalia  are  enclosed  in  vessels  ont 
of  which  their  heads  protrude,  carbonic  acid  will  be  found  to  replace  a 
portion  of  the  oxygen ;  and  the  same  result  has  been  obtained  by  the 
similar  enclosure  of  a  limb  of  the  human  body.  Animals  whose  respira- 
tion is  aquatic  do  not  decompose  the  water  they  breathe,  but  merely 
abstract  the  oxygen  from  the  air  contained  in  it ;  for  if  one  of  this  class 
be  placed  in  a  limited  quantity  of  water,  from  which  it  speedily  exhausts 
the  air,  or  in  water  from  which  the  air  has  been  expelled  by  boiling,  it  dies 
almost  as  soon  as  would  an  animal  whose  respiration  is  aerial,  when  placed  in 
a  vacuum.  If,  however,  the  surface  of  the  water  be  in  contact  with  the 
atmosphere,  it  will  absorb  air  from  it  ;  and  the  life  of  the  animal  will  be 
longer,  the  more  fiilly  the  quantity  thus  obtained  compensates  for  that 
which  is  consumed. 

490.  When  a  Fish,  in  a  limited  quantity  of  aerated  water,  has  reduced 
the  proportion  of  air  until  its  respiration  has  become  difficult,  it  rises  to 

published  in  the  West  of  England  Journal  in  1835,  as  that  which  best  accorded  with 
the  facts  then  known.  It  has  been  fullj  confirmed  by  subsequent  experiments,  especially 
those  of  Magnus  ;  and  he  is  most  happy  to  find  it  now  sanctioned  by  the  eminent  au- 
thority of  Prof.  Miiller. 
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the  surface,  and  takes  in  air  from  the  atmosphere  ;  and,  if  prevented  from 
doing  so,  it  dies  much  sooner.  The  air  thus  taken  in  probably  acts  upon 
the  lining  membroue  of  the  intestines ;  for,  after  being  expelled,  it  is  found 
to  contain  a  large  proportion  of  carbonic  acid.  The  death  of  Fishes  when 
taken  out  of  the  water  is  partly  due  to  the  very  rapid  loss  of  the  fluid  of 
the  body  by  transpiration  {§  502)  ;  and  partly  to  the  collapse  of  the  gills, 
which  prevents  the  air  from  liaving  access  to  their  surface,  and  also  to  their 
desiccation,  which  incapacitates  it  from  acting  upon  the  blood  beneath. 
Many  Fishes  are  provided  with  a  special  apparatus  for  keeping  the  gills 
moist  and  free  when  exposed  to  the  air,  and  such  are  able  to  live  a  consi- 
derable time  out  of  water,  especially  in  a  humid  atmosphere  ;  thus,  Eels 
will  leave  their  pools  when  dried  up,  and  wind  through  the  grass  in  search 
of  water.  The  Doras  of  Guiana  and  the  Hydrargyra  of  CaroUna  migrate 
iu  large  bodies,  under  similar  circumstances,  and  always  direct  themselves 
towards  the  nearest  water,  although  they  hare  no  perceptible  way  of  dis- 
eovering  it ;  and  the  climbing  Perch  of  Tranquebar  not  only  creeps  upon 
the  shore,  but  ascends  the  Fan  Palm  iu  search  of  the  Crustacea  which 
constitute  its  food.  The  life  of  Fishes  unprovided  with  any  special  modi- 
fication for  the  purpose,  may  be  prolonged  for  some  time,  by  raising  the 
Dpercula  and  keeping  the  brancLiial  fringes  separate,  at  the  same  time  that 
evaporation  is  checked  by  a  humid  atmosphere  arouud.  The  respiration 
of  some  of  the  inferior  aquatic  tribes,  such  as  Crustacea,  Mollusca,  and 
Annelida,  has  been  examined  with  similar  results.  According  to  the 
researches  of  Humboldt  and  Gay  Lussac,  the  air  contained  in  water  is 
richer  in  oxygen  than  that  of  the  atmosphere;  the  proportion  being  32  per 
cent,  in  the  former,  and  but  21  in  the  latter. 

491.  The  respiration  of  Insects  has  recently  been  made  the  subject  of 
accnrate  research  by  Mr.  Newport ;  and  the  results  wliich  he  has  obtained 
correspond  in  a  remarkable  manner,  with  those  of  Dr.  Edwards's  csperi- 
ments  on  Vertebrated  animals  under  different  conditions.  In  those  tribes 
which  undergo  a  complete  metamorphosis,  the  proportion  of  air  consumed 
by  the  /orva  is  much  smaller  than  that  which  the  perfect  Insect  requires, 
when  their  relative  bulk  is  allowed  for,  and  their  condition  ia  the  same  as 
to  rest  or  activity.  If  a  larva  of  the  common  Butterfly,  for  instance,  has 
arrived  at  its  fiUl  size  at  the  lime  of  making  the  observation,  it  appears  to 
respire  in  a  given  time  more  thmi  the  jierfect  insect ;  but  the  result  is  lia- 
ble to  this  fallacy — that  the  former  is  at  least  two-thirds  larger  than  the 
latter,  and  is  almost  always  in  a  state  of  activity,  whilst  the  latter  is  fre- 
quently in  a  state  of  quiescence.  This  fact  is  evidently  analogous  to  one 
iscertained  by  Dr.  Edwards,  that,  in  the  higher  animals,  a  greater  quan- 
tity of  oxygen  is  required  in  the  adult  state,  in  proportion  to  the  size  of  the 
respiratory  apparatus,  than  in  the  infant  condition.  Again,  many  lan'BS 
can  support  a  degree  of  privation  of  oxygen  which  would  be  fatal  to  the 
perfect  Insect ;   thus,  there  are  some  which  inhabit  the  bo^es  ol  oftvet 
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insects,  or  are  buried  deeply  in  the  soil,  or  seek  their  subsistence  ii 
and  iinaerated  places,  all  of  whicb  situations  would  be  soon  destrurtJTB^ 
hfe  in  their  advanced  condition.  This,  too,  finds  its  parallel  in  the  history 
of  the  Vertebrated  classes :  for  Dr.  Edwards  found  that  puppies,  soon  after 
birth,  will  recover  after  submersion  in  water  for  54  minutes,  thus  bearing 
the  privation  of  oicygen  much  better  than  the  adult  animal.  The  amniuit 
of  respiration  in  the  perfect  Insect  depends  chiefly  upon  its  state  of  aetivitj- 
or  excitement.  When  its  movements  are  rapid  and  forcible,  the  aeration 
of  the  tissues  must  be  performed  to  a  greater  extent  than  when  it  is  at 
rest ;  and  the  difference  is  manifested,  as  well  by  the  respiratory  motions. 
as  by  the  amount  of  oxygen  consumed.  Tliiis,  the  number  of  respiratinns 
in  an  Ilumble  Bee  (Bonibus  terrestris),  while  in  a  state  of  excitement  s( 
after  its  cajiture,  was  from  1 10  to  120  in  a  minute  ;  after  the  lapse  of 
honr  they  had  sunk  to  58,  and  subsequently  to  4G.  Moreover  a  spcdmai 
of  the  same  insect,  confioed  in  a  limited  quantity  of  air,  produced  ill  ma 
hour  after  its  capture,  whilst  still  in  a  state  of  great  activity,  about  ^  of  > 
cuhic  inch  of  carbonic  acid  ;  and  during  the  whole  twenty-four  hours  of 
the  succeeding  day,  the  animal  evolved  a  quantity  absolutely  less.  The 
amount  of  respiratioo  in  the  Pupa  state  is  much  less  than  in  any  othff 
condition  of  the  insect,  which  wiU  readily  be  understood  when  its  compIfW 
inactivity  is  remembered ;  the  state  of  the  animal  at  that  time  may  be  con- 
sidered (as  far  as  its  respiration  is  concerned  at  least)  in  the  same  ligbl  U 
the  hybernation  of  warm-blooded  Vertebrata  (§  192). 

492.  In  Insects,  as  in  other  animals,  the  activity  of  respiration  i« 
increased  with  elevation  of  the  temperature  of  the  surrounding  medinm. 
This  has  been  shown  in  a  very  striking  degree  with  regard  to  the  AmpW- 
bia,  by  the  researches  of  Dr.  Edwards.  It  has  heen  already  mentioned 
that  the  cutaneous  respiration  of  Frogs  is  sufficient  for  the  temporary  suii- 
port  of  life ;  and  this  holds  good,  not  only  when  they  are  inhabiting  the 
air,  but  even  when  immersed  in  water,  provided  the  temperature  be  W- 
The  air  in  the  latter  case  must  have  a  very  feeble  vivifj-ing  effect,  f  ~ 
account  of  the  small  proportion  of  it  diffused  through  the  fluid ; 
suffices  to  maintain  the  Ufe  of  the  animal,  as  long  as  the  temperatuti 
below  5(F.  If,  however,  a  slight  increase  of  heat  take  place,  pulmoBi^| 
respiration  is  necessary,  and  the  animal  takes  in  air  at  the  surface  of  tbe 
water.  Durbg  the  heat  of  summer,  pulmonary  respiration,  tuded  by  ci 
neons  respiration  in  water,  is  not  sufficient  to  counteract  the  effect  of  the 
high  temperature  ;  and  cutaneous  respiration  in  air  becomes  so  necessary, 
that  frogs  confined  to  the  water  at  this  time  almost  certainly  die.  Tbe 
influence  of  temperature  is  seen  also  on  the  existence  of  Fishes  in  limited 
qimntities  of  water  ;  and  the  degree  of  heat  which  obhges  frogs  to  increase 
their  respiration  by  quitting  the  water  entirely,  causes  fishes  to  take  in  air 
from  tbe  surface,  as  may  be  trequently  witnessed  during  the  summer, 
especially   in    small   collections  of  water.      They   sometimes   quit   tbtir 
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element  almost  entirely  for  a  time,  that  the  skin  and  branchiae  may  be 
erposed  to  the  yiyifying  action  of  the  air. 

493.  It  has  been  mentioned  that  during  the  development  of  the  ovum, 
like  that  of  the  seed,  the  process  of  respiration  is  actively  carried  on.  It 
is  performed  through  the  membranous  tegument  of  the  egg,  or  the  porous 
covering  of  calcareous  matter  which  in  some  tribes  it  possesses.  If  an  egg 
be  varnished  over,  so  as  to  render  it  impermeable  to  gases,  or  be  placed 
in  irrespirable  media,  the  development  of  the  embryo  is  checked  (§  645)  ; 
though  it  may  be  renewed,  if  the  privation  of  oxygen  have  not  been  of  too 
long  continuance.  As  the  watery  portion  of  the  albumen  evaporates,  and 
the  remainder  is  taken  into  the  system  of  the  foetus,  the  quantity  of  air 
originally  existing  in  the  egg  becomes  much  increased  ;  previously  to 
incubation  it  contains  as  much  as  25  or  27  per  cent,  of  oxygen,  but 
subsequently  about  6  per  cent,  appears  to  have  been  converted  into  car- 
bonic acid.  In  many  cases  this  aeration  is  performed  under  peculiar 
circumstances,  and  special  provision  is  accordingly  made  for  it  (§  658). 


CHAPTER  X. 

EXHALATION  OF  AQUEOUS  VAPOUR. 

General  Considerations, 

494.  As  all  the  alimentary  materials  taken  into  living  bodies,  for  the 
nutrition  of  their  solid  tissues,  are  in  a  fluid  form,  being  either  dissolved 
in  or  mixed  with  water,  it  is  evident  that  a  large  quantity  of  that  liquid 
must  be  superfluous,  and  that  means  must  be  provided  for  carrying  it  out 
of  the  system.  This  is  partly  accomplished,  in  Animals  more  especially, 
by  its  combination  with  various  other  ingredients, — ^which  have  either 
been  introduced  in  greater  quantity  than  the  processes  of  nutrition  require, 
or  have  already  served  their  purpose  in  the  vital  economy, —  into  the  ^uid 
excretions,  for  the  elaboration  and  deportation  of  which  various  structural 
contrivances  are  adapted.  But  besides  the  means  thus  afforded  for  the 
diminution  of  the  superfluous  fluid  of  the  system,  we  find  that  the  external 
surface  has  this  special  function  imposed  upon  it,  and  that  the  disen- 
gagement of  nearly  pure  aqueous  vapour,  though  partly  the  effect  of 
simple  evaporation,  is  principally  dependent  upon  a  true  process  of  secre- 
tion, by  which  it  is  Uberated  from  the  circulating  fluid.  This  is  most 
evident  in  Plants,  where  the  quantity  of  fluid  absorbed  bears  a  much 
larger  proportion  to  the  amount  of  the  solid  matter  contamed.  m  \\.^  X^CkMsv 
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it  does  in  Animals ;    and  where,  from  the  little  opportunity  which  there  is 
for  the  introduction  of  superfluous  nutriment,  and  the  comparatively  slight 
tendency  to  decomposition  in  the  solid  structures,  the  necessity  for 
atant  excretion  of  other  ingredients  unfit  to  be  retained  is  much  less. 

ExkcdatioH  in  Planti. 

495.  The  soft  and  succulent  tissues  of  Vegetables,  if  freely  exposed  tti 
the  atmosphere,  would  soon  lose  so  much  of  their  fluid  as  to  be  incapabji' 
of  peribrming  their  functions ;  and  in  all  plants,  therefore,  which  «ie 
subject  to  its  influence,  we  find  a  provision  for  restraining  such  injurioui 
effects.  In  the  alg*;,  howerer,  and  other  tribes  constantly  immersed  in 
water,  or  in  a  very  moist  atmosphere,  no  such  loss  can  take  place  in  tbeit 
natural  condition,  and  no  means  are  required  to  prei-eut  it.  The  ooter 
layer  of  cells  composing  their  integument  difiijrs  but  Uttle  from  tbow 
which  it  holds  together,  except  in  density ;  and  it  is  accordiugly  found 
that  such  plants,  when  exposed  to  a  dry  air,  speedily  desiccate.  .111 
Plants,  whose  natural  residence  is  the  air,  however,  are  covered  with  a 
membrane  of  pecuhar  character,  which  is  termed  the  cuticle.  Tliis  is 
composed  of  cellular  tissue,  the  vesicles  of  which  are  arranged  with  grtui 
regularity,  and  in  close  contact  with  each  other ;  but  they  differ  from 
,^ose  of  the  parenchyma  beneath,  in  being  colourless  or  nearly  so,  and  in 
containing  air  instead  of  fluid.  The  form  of  these  vesicles  is  different  in 
dmost  every  tribe  of  plants ;  thus  in  the  cuticle  of  the  Iris  (Fig.  72) 
they  have  straight  walls  and  regular  angles,  whilst  in  that  of  the  Api^e 
(Fig.  73)  their  boundaries  have  a  sinuous  character.  In  most  Europaa 
plants,  the  cuticle  contains  but  a  single  row  of  these  cellules,  which  ut 
moreover  thin-sided ;  whilst  in  the  generality  of  tropical  species,  there 
exist  two,  three,  or  even  four  layers  of  thick-sided  cells,  as  in  the  Oleander 
(Fig.  70),  the  cuticle  of  which,  when  separated,  has  on  almost  leftlhe(j 
toughness.  In  tliis  plant  the  cuticle  is  also  covered  with  hairs,  whieb 
may  not  only  serve  as  an  additional  resistance  to  exhalation,  but  probably 
assist  in  absorption  also  (§  298)  ;  and  these  hairs  not  only  clothe  tJif 
surface,  but  line  the  cavities  which  replace  the  stomata  on  the  lower  side 
of  the  leaf  (Fig.  70,  e,  e).  This  difference  in  conformation  is  ohvioualv 
adapted  to  the  respecrive  condirions  of  growth  j  since  the  cuticle  of  » 
plant  indigenous  to  temperate  climates  would  not  afford  a  suflicicnt  pro- 
tection to  the  interior  structure,  agaiust  the  rays  of  a  tropical  sun  ;  whiki 
the  diminished  heat  of  this  country  would  scarcely  overcome  the  reasl- 
ance  afforded  by  the  dense  and  non-conducting  tegument  of  a,  species 
formed  to  exist  in  wanner  latitudes.  From  the  researches  of  Ad.  Broog- 
niart  it  appears  that,  externally  to  this  membrane,  there  exists  a  verj 
delicate  transparent  pelhcle,  without  any  decided  traces  of  orgauisalioii, 
thoDgh  occasionally  somewhat  granular  in  appearance,    and  niarked  by 
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lines  which  seem  to  he  the  impressions  of  the  jmiction  of  the  cells  with 
which  it  was  in  contact.  He  thinks  that  he  has  traced  this  memhrane 
where  the  real  cuticle  does  not  exist,  as  on  the  apex  of  the  stigma,  and  the 
general  surface  of  submerged  vascular  plants.  It  is  perforated  by  apertures 
leading  to  the  stomata,  where  they  exist  in  the  cuticle,  and  would  seem  to 
bear  some  analogy  to  the  epidermis  of  animals  (§  41)  ;  but  the  mode  of  its 
formation  b  quite  different  (§  410). 

496.  In  the  Cuticle  of  most  Plants  which  possess  this  structure  dis- 
tinctly formed,  there  exist  minute  openings  termed  stomata,  which  are 
bordered  by  cellules  of  a  peculiar  form,  distinct  from  those  of  the  cuticle, 
and  more  resembling  in  character  those  of  the  tissue  beneath.  These 
boundary  cells  are  usually  kidney-shaped  (Figs.  72,  73,  a,  «),  and  the 
opening  between  them  oval,  as  at  c  ;  but,  by  an  alteration  in  their  form, 
the  opening  may  be  contracted  or  completely  closed.  They  are  sometimes 
more  numerous,  however,  and  the  opening  angular ;  and  in  the  curious 
Marchantia  polymorphay  their  structure  is  extremely  complicated.  The 
openings  in  the  cuticle  of  this  plant  are  surrounded  by  five  or  six  rings 
placed  one  below  the  other,  so  as  to  form  a  kind  of  funnel  or  chimney, 
each  ring  being  composed  of  four  or  five  cellules  (Fig.  52).  The  lowest 
of  these  rings  appears  to  regulate  the  apertm^,  by  the  contraction  or  ex- 
pansion of  the  cells  which  compose  it.  Wherever  stomata  exist  in  the 
cuticle,  they  are  always  found  to  open  into  cavities  in  the  tissue  beneath, 
which  are  thus  brought  into  immediate  relation  with  the  external  air 
(Fig.  71,  c).  In  the  Marchantia  these  chambers  are  very  large,  and  sm*- 
rounded  by  regular  walls  ;  whilst  in  the  leaves  of  higher  plants  they  exist 
simply  as  intercellular  spaces,  left  by  the  deficiency  of  the  tissue.  Stomata 
do  not  exist  where  there  is  no  regular  cuticle  ;  and  they  are  consequently 
not  found  upon  the  lower  cellular  plants,  and  but  very  rarely  on  Mosses. 
They  are  not  formed  upon  the  cuticle  of  any  plants  growing  in  darkness, 
nor  upon  the  roots  nor  the  ribs  of  leaves  ;  but  they  exist  in  general  on  all 
fohaceous  expansions,  and  on  herbaceous  stems,  especially  on  those  of 
which  the  surface  performs  the  functions  of  leaves,  as  in  the  Cacti.  TLey  • 
are  most  abundant  on  the  under  surface  of  leaves,  except  when  these 
float  on  water,  and  then  they  are  found  on  the  upper  side  alone  ;  but  they 
exist  equally  on  both  surfaces  of  erect  leaves,  as  in  the  Lily  tribe  and 
Grasses.  As  a  general  fact,  they  are  least  abundant  on  succulent  plants 
whose  moisture  is  to  be  retained  in  the  system  ;  and  they  are  frequently 
so  imperfectly  formed,  as  not  to  have  any  tendency  to  open,  especially  on 
the  leaves  of  those  adapted  to  exist  in  hot  and  dry  situations.  In  the 
Oleander,  which  has  to  bear  the  parched  atmosphere  of  a  Barbary  summer, 
the  stomata  of  the  lower  surface  are  replaced  by  ca\ities  Kned  with  hairs, 
the  probable  function  of  which  has  just  been  explained.  In  all  instances 
where  stomata  exist,  the  tissue  beneath  is  very  loosely  arranged,  and 
contains   many  intercellular  spaces ;    in   the    greater  iwxmAi^i  oi  V^n^^ 


therefore,  the  most  closely-packed  cells  will  be  found  on  the  upper  a 
(Fig.  69,  6,  b)  ;  and  it  is  from  this  that  the  darker  colour  of  t 
superior  surface  is  principally  derived.  If  a  leaf  be  placed  in  water, 
and  the  pressure  of  the  air  above  be  taken  off,  a  number  of  miuute 
globules  will  be  seen  to  escape  from  these  cayitiesj  and  to  atud  its  exterior 
with  brilliant  points. 

497.  The  loss  of  fluid  from  the  surface  of  Plants  may  take  place,  as  has 
been  said,  by  simple  evaporation,  or  by  exhalation.  The  quantity  of  the 
former  will  be  regulated  by  the  degree  of  moisture  in  the  tissue  exposed  lo 
the  atmosphere,  and  by  the  compactness  of  its  arrangement.  Thus,  al- 
tliough  the  simpler  terrestrial  cellular  plants,  such  as  Lichens,  have  uo 
true  cuticle  distinct  from  the  subjacent  tissue,  their  estemal  layer  of  cells 
is  generally  of  so  dense  a  consistence  as  to  be  almost  impervious  to  water; 
so  that  their  moisture  is  very  slowly  evaporated.  The  process  is  one  quitf 
independent  of  vitality,  and  is,  indeed,  the  means  by  which  dead  plants  an 
dried  up,  and  by  which  the  gradual  loss  of  weight  takis  place  from  friiitt, 
tubers,  &c.,  that  undergo  no  other  alteration.  It  will,  therefore,  be  in- 
fluenced by  those  obvious  external  causes,  under  the  control  of  which  ike 
process  is  miiversally  performed, — namely,  variations  in  temperature  sml 
in  the  humidity  of  the  surrounding  medium.  Exhalation,  on  the  othiT 
hand,  is  a  change  wliich  only  continues  during  the  life  of  the  plant,  and 
appears  to  be  closely  connected  with  the  performance  of  its  other  (iliil 
functions.  If  a  piece  of  glass  be  held  near  the  upper  surface  of  a  Ifllf  in 
full  growth  in  a  hot-house,  it  is  scarcely  dimmed  after  some  time  ;  hul  if 
in  prosimity  with  the  lower  surface  of  the  same  leaf,  it  is  speedily  bede»«il 
with  moisture,  which  accumulates  in  a  short  time  so  as  to  form  diopi. 
This  rapid  transpiration  of  fluid  appears  to  take  place  through  the  stomat*, 
as  it  is  now  satisfactorily  proved  that  it  hears  a  strict  relation  (other  things 
being  equal)  vrith  the  number  of  stomata  in  the  plant,  or  on  the  particuUr 
part  of  it  made  the  subject  of  examination. 

498.  Various  experiments  have  been  made  at  diiferent  times,  with  the 
view  of  ascertaining  the  quantity  of  water  thus  transpired  from  diffctcni 
plants,  and  the  circumstances  most  favourable  to  the  process.  With  regaf" 
to  quantity,  the  results  obtained  by  Dr.  Woodward*  are  among  the  most 
worthy  of  attention,  although  probably  the  earhest  on  record.  Four  plaals 
of  Spearmint  were  placed  with  their  roots  in  water,  and  in  a  situation  fuUv 
accessible  to  light,  during  56  days  (from  June  2nd  to  July  28th)  ;  and  tte 
following  table  exliibits  the  quantity  of  water  which  each  plant  absorbed, 
(proper  allowance  being  made  for  the  evaporation  from  the  surface  of  the 
fluid),  aud  its  increase  in  weight  at  the  end  of  the  experiment.  The  dif- 
ference must  of  course  be  the  quantity  eshaled,  and  would  scarcely  express 
the  whole  amount  of  it,  as  part  of  the  increase  in  weight  would  be  due  lo 
the  fixation  of  carbon  from  the  atmos])here. 
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Original  WeighL  Guin.       Wetter  expended.       Difference, 


No.  1.  127  grs.  128  grs.  14,190  grs.  14,062  grs. 

No.  2.  110  grs.  139  grs.  13,140  grs.  13,001  grs. 

No.  3.  74  grs.  168  grs.  10,731  grs.  10,563  grs. 

No.  4.  92  grs.  284  grs.  14,950  grs.  14,666  grs. 


Nob.  3  and  4  were 
immersed  in  water 
with  a  little  earth 
at  the  bottom. 


These  experiments  gire  satisfectory  eyidence  of  the  yery  large  proportion 
of  the  absorbed  fluid  which  is  given  out  again  by  transpiration ;  and, 
joined  with  others  by  the  same  individual,  they  show  that  the  activity  of 
this  function  is  much  greater  in  summer  than  in  the  autumn.  A  valuable 
series  of  experiments,  communicated  by  Guettard  to  the  Acad6mie  Royale 
in  1740,  confirms  this  conclusion.  He  stated  that  transpiration  is  so  much 
less  active  during  the  winter  than  at  other  parts  of  the  year,  even  in  ever- 
greens, that  a  Laurel  parts  with  as  much  fluid  in  two  days  in  summer,  as 
during  two  months  in  winter.  He  also  maintained  that  transpiration  goes 
on  much  more  rapidly  under  the  influence  of  light  and  a  moderate  degree 
of  heat,  than  at  a  high  temperature  and  without  hght.  One  of  his  most 
striking  experiments  is  that  upon  the  Comus  Mascula  (cornel),  the  young 
shoots  of  which  he  found  to  lose  twice  their  ofwn  weight  of  water  daily. 
The  experiments  related  by  Hales  in  his  essays  on  Vegetable  Statics  will 
ever  remain,  like  those  which  he  performed  on  the  Animal  Circulation,  a 
monument  of  his  skill  and  perseverance.  The  results  which  he  obtained 
firom  the  accurate  observation  of  a  specimen  of  Helianthtia  annuus  (Sun- 
flower) during  15  days,  are  those  most  frequently  quoted  by  succeeding 
authors  ;  but  there  are  many  others  scarcely  less  interesting.  This  plant 
was  3^  feet  high,  weighed  3  lbs.,  and  the  surface  of  its  leaves  was  estimated 
at  5616  square  inches.  The  mean  perspiration  during  the  whole  period 
was  found  to  be  20  oz.  per  day  ;  but  on  one  warm  dry  day  it  was  as  much 
as  30  oz.  During  a  dry  warm  night  it  lost  3  oz. ;  when  the  dew  was 
sensible  though  slight,  it  neither  lost  nor  gained ;  and  by  heavy  rain  or 
dew  it  gained  2  or  3  oz.  The  following  table  shows  the  results  of  similar 
experiments  on  other  plants. 


Subject,  Surface,  Mean  Transpiration,  Greatest  Transpiration.  Depth, 

Cabbage  2736  sq.  in.              19    oz.                     25    oz.  jg 

Vine  1820  sq.  in.                5^  oz.                        6^  oz.  lir 

Apple  1589  sq.  in.               9    oz.                      15    oz.  ik 

Lemon  2557  sq.  in.               6    oz.                       8    oz. 

Plantain  2024  sq.  in.               5    oz.                      1 1^  oz. 
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The  last  column  shows  the  mean  quantity  of  water  transpired  from  equal 
areas  in  the  diflerent  plants  (its  depth  being  stated  in  parts  of  an  inch) 
for  the  sake  of  ready  comparison.  That  of  the  sun-flower  would  be  ife ; 
and  is  shown,  therefore,  to  be  less  than  half  that  of  the  Ca\>\>«c^e,    'Y^va 
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Lemon  may  be  remarked  to  have  exhaled  far  less  than  any  of  the  others ; 
and  the  same  observation  seems  true  with  regard  to  evergreens  in  general. 
The  mean  transpiration  from  the  skin  of  the  human  body  in  healthy  with 
the  exhalation  from  the  lungs,  may  be  stated  at  about  45  to  50  oz.  in 
twenty-four  hours.     The  external  surface  may  average  about  2160  sq.  in. ; 
but  the  surface  of  the  mucous  membrane  of  the  lungs  cannot  be  estimated. 
An  experiment  performed  by  Bishop  Watson  will  assist  in  giving  an  idea 
of  the  extraordinary  amount  of  change  effected    by   this    function   in 
Plants.     He  placed  an  inverted  glass  vessel,  of  the  capacity  of  20  cubic 
inches,  on  grass  which  had  been  cut  during  a  very  intense  heat  of  the  sun, 
and  after  many  weeks  had  passed  without  rain ;   in  two  minutes  it  was 
filled  with  vapour,  which  trickled  in  drops  down  its  sides.     He  collected 
these  on  a  piece  of  muslin,  which  he  carefully  weighed ;   and,  repeating 
the  experiment  for   several  days  between  twelve  and  three  o'clock,  he 
estimated  as  the  result  of  these  enquiries,  that  an  acre  of  grass  knd 
transpires  in  24   hours  not  less  than  6400  quarts  of  water.      This  is 
probably,  however,  an  exaggerated  statement ;  as  the  amount  transpired 
during  the  period  of  the  day  in  which  the  experiment  was  tried,  is  far 
greater  than  at  any  other. 

499.  All  experiments  point  to  the  conclusion  that  light  is  the  chief 
stimulus  to  Exhalation.  Thus,  it  was  shown  by  Senebier  that  if  Plants, 
in  which  the  process  is  being  vigorously  performed,  are  carried  into  a 
darkened  room,  the  exhalation  is  immediately  stopped;  and  that  the 
absorption  by  the  roots  is  checked  almost  as  completely,  as  if  the  plant 
had  been  stripped  of  its  leaves.  Again,  from  the  experiments  of  Dr. 
Daubeny,  it  appears  that  exhalation  is  stimulated  by  the  coloured  rays  of 
the  solar  spectrum  in  proportion  to  their  illuminating  not  to  their  heating 
power,  these  two  being  separated  by  the  prism.  Dr.  D.  further  states 
that  exhalation  is  not  promoted  by  the  most  intense  degree  of  artificial 
light,  in  which  he  contradicts  the  opinion  expressed  by  DecandoUe.*  Still, 
it  must  be  acknowledged  that  heat  also,  especially  when  combined  with 
dryness  of  the  atmosphere,  has  a  greater  effect  upon  the  loss  of  fluid 
than  light  alone.  Thus,  it  is  well  known  that  plants  perspire  in  a  sitting- 
room,  the  air  of  which  is  constantly  dry,  but  which  is  imperfectly  illumi- 
nated, so  much  more  than  in  the  open  air  exposed  to  the  direct  rays  of 
the  sun,  that  it  is  impossible  to  keep  many  kinds  alive  in  such  a  situation . 
It  would  not  seem  improbable,  then,  that  the  effect  of  light  is  confined  to 
the  opening  of  the  stomata,  which  it  is  known  to  perform  ;  and  that  the 
large  quantity  of  fluid  discharged  from  them,  may  be  due  to  the  effect  of 
simple  evaporation,  from  the  extensive  surface  of  succulent  and  delicate 
tissue,  which  is  thus  brought  into  relation  with  the  air,  and  to  the  constant 
supply  of  fluid  from  within  by  which  it  is  maintained  in  a  moist  condition. 
Electricity  appears  to  possess,  like  Hght,  a  direct  stimulating  power  over 

*  Philosophical  Magazine,  May,  1836. 
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the  exhaling  organs  of  plants.  It  has  been  generally  admitted,  that  the 
electric  state  of  the  atmosphere  has  a  considerable  influence,  in  hastening 
the  growth  of  many  vegetables  (§  225).  DecandoUe  states  that  experi- 
ments with  artificial  electricity  satisfactorily  prove,  that  plants  submitted 
to  its  influence  exhale  more  by  a  fourth  or  a  third,  than  similar  ones  not 
electrified ;  and  in  some  cases,  especially  when  sparks  are  drawn,  the  water 
has  been  seen  to  accumulate  in  drops. 

500.  If  Plants  are  exposed  to  a  light  of  too  great  intensity,  especially 
if  they  are  not  at  the  same  time  well  supplied  with  water,  their  tissue 
becomes  dried  up  by  the  increased  exhalation  which  then  takes  place,  and 
which  is  not  sufficiently  counterbalanced  by  absorption,  so  that  their  vege- 
tation is  materially  checked  ; — a  fact  of  which  we  see  abundant  evidence 
in  dry  sandy  soils  and  exposed  situations.     If,  on  the  contrary,  the  leaves 
are  shaded,  and  the  roots  take  up  much  moisture,  the  growth  of  the  plant 
is  active  and  luxuriant,  but  its  tissue  is  soft ; — an  effect  partly  owing  to  the 
retention  of  fluid,  and  partly  to  the  diminution  of  the  quantity  of  carbon 
fixed  from  the  atmosphere.     If  a  plant  be  kept  for  some  time  in  total 
darkness,  so  that  it  becomes  etiolated  (§  440),  its  texture  is  soft  and  suc- 
culent, and  its  tissue  is  distended  with  the  moisture  it  has  absorbed,  and 
with  which  it  cannot  part ;   and  if  this  state  be  allowed  to  continue  too 
long,  the  leaves  disarticulate  and  drop  off,  and  the  plant  dies  of  dropsy. 
Succulent  plants  naturally  require  most  hght  to  secure  for  them  a  regular 
discharge  of  moisture  ;  hence  Mr.  Knight  enforces  the  propriety  of  expos- 
ing as  mMiy  leaves  as  possible  in  the  Melon  frame  to  the  action  of  the  sun's 
rays.     There  ye  some  of  this  character  which  possess  so  few  stomata,  that 
they  may  be  preserved  out  of  the  ground  for  many  days  and  even  weeks, 
without  perishing  from  want  of  moisture  ;   and  it  sometimes  happens  that 
SedufM  and  other  such  plants  push  considerable  shoots,  when  placed  mider 
pressure  whibt  being  prepared  for  the  Herbarium.     The  quantity  of  fluid 
lost  by  Transpiration,  though  ultimately  dependent  upon  the  degree  of 
moisture  suppUed  to  the  roots,  does  not  appear  to  be  increased  by  the  propel- 
lent force  of  the  sap;  and  this,  observes  the  sagacious  Hales,  "holds  true  in 
animals,  for  the  perspiration  in  them  is  not  always  greatest  in  the  greatest 
force  of  the  blood ;   but  then  often  least  of  all,  as  in  fevers."      The  water 
exhaled  is  very  nearly  pure,  so  that  what  is  furnished  by  different  species 
varies  but  Uttle  in  taste  or  odour.     Duhamel  remarked,  however,  that  fluid 
thus  obtained  sooner  becomes  foul  than  ordinary  water.    Senebier  analysed 
the  liquid  which  he  had  collected  by  the  exhalation  of  a  vine  at  the  com- 
mencement of  the  summer,  and  found  that   40  oz.   contained  scarcely 
2  grains  of  solid  matter ;   and  in  a  similar  experiment  on  fluid  collected 
at  the  end  of  the  summer,  105  oz.  gave  but  httle  more  than  2  grains,  or 
about  ssioo  part  of  solid  matter. 
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501.  The  loss  of  fluid  which  is  constantly  taking  place  from  the  sur- 
face of  all  Animals  inhabiting  the  air,  or  at  least  from  some  part  of  it, 
appears  due,  like  the  exhalation  of  plants,  partly  to  its  physical,  and 
partly  to  its  vital  conditions.     There  can  be  no  doubt  that  from  all  soft 
moist  surfaces,  evaporation  will  take  place  in  a  warm  and  dry  atmosphere ; 
and  the  quantity  of  fluid  lost  in  this  manner  will  be  in  strict  relation  with 
the  temperature  of  the  surrounding  medium,  and  the  rapidity  with  which 
this  is  supphed  to  the  evaporating  surface.     The  process  will  of  course  be 
impeded  by  a  humid  state  of  the  atmosphere,  and  entirely  checked  by 
contact  of  water — whether  warm  or  cold — ^with  the  part  which  previously 
effected  it.     But  there  is  another  process  by  which  fluid  is  exhaled  from 
the  surface,  and  which  possesses  the  character  of  a  true  excretion  ;   this  is 
effected  by  the  separation  from  the  blood  of  a  watery  fluid,  usually  con- 
taining a  small  quantity  of  saline  and  animal  matter  in  solution,  through 
the  medium  of  a  set  of  minute  glands  imbedded  in  the  substance  of  the 
cutis  or  true  skin.     Each  of  these  Uttle  bodies  consists  of  a  convoluted 
tube,  in  the  neighbourhood  of  which  the  blood-vessels  ramify  minutely ; 
this  tube  is  continued  to  the  surface  of  the  skin  as  an  excretory  duct 
(Fig.  153),  traversing  the  remaining  thickness  of  the  cutis  and  epidermis 
in  a  spiral  manner,  and  opening  by  a  very  minute  pore  on  the  exterior  of 
the  latter,  passing  through  it  so  obhquely  that  a  kind  of  valve  is  formed 
by  the  membrane  over  its  orifice.     When  the  transudation  <jf  the  sweat  or 
sensible  perspiration  is  observed  with  a  glass,  as  it  occurs  on  the  palms  of 
the  hands  or  the  tips  of  the  fingers,  the  first  drop  from  each  pore  will  be 
seen  to  be  preceded  by  an  elevation  of  this  little  valve.      These  ducts  are 
visible  in  the  form  of  delicate  fibres  passing  from  the  cutis  to  the  epidermis, 
when  the  latter  is  torn  off ;  their  diameter  is  stated  by  Dr.  Madden*  to  be 
-m  of  an  inch,  the  canal  occupying  about  one-third  of  their  breadth. f   It  has 
not  yet  been  ascertained  how  low  in  the  animal  scale  these  organs  exist;  the 
only  species  in  which  they  have  been  hitherto  detected  being  included  in  the 

class  MAMMALIA. 

502.  No  investigations  have  yet  been  made  upon  the  ftmction  of  exhala- 
tion in  the  aquatic  Invertebrata,  with  the  view  of  determining  to  what 

*  Essay  on  Cutaneous  Absorption,  p.  19. 

t  Another  apparatus  has  been  described  by  Dr.  Wallace  as  being  part  of  the  exhalant 
system, — ^namely,  a  set  of"  epidermoid  glands"  situated  between  the  inner  and  outer  layer 
of  epidennis,  which  he  states  to  exist  at  the  points  from  which  the  drops  of  sweat  are  seen 
to  issue.  The  author  is  disposed  to  agree  with  Dr.  Madden  (Op.  Cit.  p.  24),  however, in 
believing  that  Dr.  W.  has  been  deceived  on  this  point,  and  that  the  supposed  glands  are 
nothing  more  than  the  shrunk  and  contracted  ducts  of  the  true  secreting  oigans  of  the 
perspiration. 
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extent  it  is  one  of  the  regular  processes  of  their  economy.  Although 
simple  evaporation  will  of  course  be  prevented  by  the  contact  of  their 
surfaces  with  water,  there  is  no  reason  to  suppose  that  a  secretion  of  fluid 
may  not  take  place  from  them,  as  from  the  skin  of  the  higher  animals 
under  similar  circumstances.  When  exposed  to  the  air,  all  those  which 
are  formed  of  soft  tissue,  unprotected  by  a  hard  envelope,  are  rapidly 
desiccated,  and  usually  perish ;  but,  that  the  whole  of  the  fluids  of  the 
body  may  thus  be  lost  by  evaporation,  and  vitality  still  remain,  is  shown 
by  the  statement  elsewhere  made  respecting  the  rotifera  (§  126).  It  is 
evident  that  such  Animals  are,  when  exposed  to  the  atmosphere,  in  the 
same  condition  with  the  Algse  among  plants,  which  lose  weight  so  rapidly 
owing  to  the  softness  of  their  tissues  and  the  want  of  a  cuticle.  Even 
amongst  those  which  are  provided  with  a  hard  envelope,  there  is  always  a 
peculiar  tendency  to  evaporation  from  some  parts  of  the  surface  ;  thus,  a 
very  rapid  evaporation  of  fluid  takes  place  from  the  gills  of  the  Crustacea, 
which  would  speedily  offer  a  fatal  impediment  to  the  performance  of  their 
functions,  if  a  special  provision  were  not  made  for  preserving  their  mem- 
brane in  a  humid  condition  (§  467).  From  the  experiments  of  Dr. 
Edwards  on  fishes,  it  appears  that  the  loss  of  fluid  by  evaporation  from 
the  general  surface  of  the  body  and  from  the  gills,  when  the  animal  is 
exposed  to  the  air,  is  so  great  as  to  be  one  of  the  chief  causies  of  its  death. 
Sometimes  the  impediment  to  respiration,  which  is  produced  by  desiccation 
of  the  gills,  is  the  immediate  cause  of  death  ;  but  where  this  is  prevented, 
and  the  action  of  these  organs  continues  during  life,  the  surface  parts  with 
so  much  fluid  by  evaporation,  that  the  body  becomes  stiff  and  dry,  and 
previously  to  death  loses  from  V?  to  ^  part  of  its  weight.  It  has  been 
shown  that,  if  the  lower  part  only  of  the  body  be  immersed  in  water,  no 
absolute  diminution  in  the  weight  of  the  whole  takes  place,  and  life  is  pro- 
longed, although  death  at  last  results,  seemingly  from  the  unfavourable 
influence  of  dry  air  upon  the  branchial  apparatus ;  but  if,  on  the  other 
hand,  the  head  and  gills  be  immersed  and  the  trunk  suspended  in  air,  Ufe 
may  be  almost  indefinitely  prolonged,  although  the  drying  of  the  surface  of 
the  part  of  the  trunk  exposed  to  the  air  was  as  marked,  as  in  the  case  where 
these  animals  were  entirely  exposed  to  the  atmosphere,  and  where  they  died 
after  a  considerable  diminution  in  weight. 

503.    It  is  among  terrestrial  Animals  that  the  process  of  exhalation 
assumes  a  higher  rank  amongst  the  vital  ftinctions ;    and,  even  in  t 
lowest  orders,  we  find  it  exercising  a  very  important  influence  on 
condition  of  the  system.     Thus,  in  insects,  it  has  been  ascertained 
Mr.  Newport,  that  the  transpiration  of  fluid  takes  place  to  a  consider! 
extent ;  and  this  not  only  in  the  species  which  have  a  soft  external  te 
ment,  but  among  those  which  have  the  body  encased  in  a  dense  hor 
envelope,  such  as  the  Beetle  tribe.     It  is  of  course  difficult  to  ascertai 
what  proportion  of  the  loss  of  fluid  takes  place  in  each  case  ^xotsv  \3bi 
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external  surface,  and  from  the  prolongation  of  it  that  Unes  t 
passages,  which  in  this  class  are  so  estensive  and  minutely  i 
probably  it  ia  from  the  respiratory  membrane,  as  in  the  Crustacea,  t 
the  principal  hheration  of  it  occurs.  The  peculiar  object  of  the  dis- 
engagement of  fluid  in  the  form  of  vapour,  is  evidently  the  reduction  of 
the  temperature  of  the  surface  from  which  it  is  set  free.  Animals  which 
inhabit  the  water  have  no  need  of  any  special  provision  for  keeping  down 
the  temperature  of  their  bodies  within  a  certain  limit ;  since  the  rapidly- 
coudacting  power  of  the  medium  is  sufficient  to  produce  any  superfluous 
amount  of  caloric  which  may  be  generated.  The  tenants  of  the  deep, 
therefore,  have  very  little  power  of  maintaining  a  temperature  above  it. 
unless  they  are  provided,  hke  the  Whale  tribe,  with  a  layer  of  non-conduct- 
ing fat,  or,  like  diving  Birds,  with  a  downy  covering  possessed  of  a  similar 
property  (§  562).  Moreover,  the  vicissitudes  of  temperature  in  la^ 
collections  of  water  are  never  great,  so  that  there  is  no  demand  from  this 
source  for  a  means  of  regulating  the  temperature  of  the  individual  inhs- 
bitauts.  But  an  Animal  living  upon  the  surface  of  the  earth,  exjiosed  to 
constant  and  extensive  atmospheric  changes,  and  deprived  of  the  power 
of  rapidly  parting  with  its  heat,  when  superfl.uous,  by  mere  contact  milli 
a  conducting  medium,  has  need  of  some  special  means  not  only  of 
generating  caloric,  but  also -of  getting  quit  of  it.  The  former  will  !>c 
hereafter  described  in  detail  {chai?.  xii.) ;  the  latter  is  simply  eflecinl 
by  the  stransudation  from  the  surface,  which,  being  poured  out  of  the 
perspiratory  ducts  in  a  fluid  form,  and  carried  off  as  a  vapour  by  the 
atmosphere,  necessarily  renders  latent  a.  large  quantity  of  caloric,  and 
thus  diminishes  the  sensible  heat  of  the  exhaUng  body.  The  ohservatioiu 
of  Mr.  Newport  on  Insects  show  that  they  have  the  power  of  thia 
reducing  their  temperature,  when  excessively  raised  by  a  continuance  d 
rapid  movements,  or  when  the  heat  of  the  surroundmg  medium  is  liM 
great  (§561). 

504.  It  is  among  the  Batrachia,  however,  that  the  exhalation  of  tiiiiJ 
from  the  surface  is  carried  on  to  the  most  evident  degree,  and  seems  to 
answer  the  most  important  purpose  in  the  economy ;  and  it  is  here, 
therefore,  that  its  conditions  may  be  most  advantageously  studied.  The 
experiments  of  Dr.  Edwards  on  this  subject  are  extremely  interesliag, 
and  a  brief  account  of  them  will  now  he  given.  He  found  that,  when  a 
Frog  was  placed  in  a  dry  calm  atmosphere,  the  loss  of  weight  during 
different  succeeding  hours  varied  considerably,  but  with  a  marked  ten- 
dency to  progressive  diminution  :  that  is  to  say,  the  more  fluid  the 
animal  had  lost,  tlie  less  actively  did  exhalation  go  on.  The  actual 
quantity  lost  was  influenced  by  various  estemal  agents,  such  as  the  rest 
or  movement  of  the  air,  its  temperature,  and  degree  of  humidity.  Thus, 
frogs,  hung  in  the  draft  of  an  open  window,  lost  double,  triple,  or  quttJ- 
ruple  the  amomit  exhaled  by  otliers  placed  at  a  closed  window  in  tie 
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same  room.     The  influence  of  the  humidity  of  the  air  was  tested  hy 
placing  animals  of  the  same  kind  in  a  glass  vessel  inverted  over  water ; 
and  it  was  ascertained  that  exhalation,  if  not  then  entirely  prevented,  was 
reduced  to  its  minimum.     On  the  other  hand,  when  the  dryness  of  the 
air  was  maintained  hy  quicklime  during  the  progress  of  the  experiment, 
the  diminution  of  weight  was  found  to  be  increased,  the  perspiration  being 
from  five  to  ten  times   greater  in  dry  air  than  in  extreme  humidity, 
according  to  the  duration  of  the  experiment.     The  influence  of  tempera- 
ture is  shown  principally  in  increasing  the  transudation  or  Secretion  from 
the  skin ;  since  the  amount  of  fluid  lost  in  a  heated  atmosphere  diflbrs  but 
little  whether  the  medium  be  humid  or  dry,  and  increases  in  much  more 
rapid  proportion  than  mere  evaporation  would  do.     When  Frogs  were 
placed  in  an  atmosphere  saturated  with  humidity,  by  which  mere  evapo- 
ration would  be  almost  or  entirely  suppressed,  the  loss  by  transudation 
between  32^  and  50^  was  very  sUght,  as  also  between  50®  and  68® ;  but 
between  68®  and  104®  it  was  so  great,  that  at  the  last-named  degree  its 
amount  was  55  times  that  at  32®.     The  secretion  is  not  even  altogether 
suppressed    by  immersion  in  water.     When   Frogs  are  exhausted    by 
excessive   transpiration,  and   are  placed   in  water,  they   speedily  repair 
the  loss,  by  absorption  from  the  surrounding  fluid  (§  323) ;    and  the 
quantity  thus  gained  sometimes  amounts  to  one-third  of  their  entire 
weight. 

505.    From   his   experiments  on   the   higher   Animals,   Dr.   Edwards 
obtained  results  of  a  similar  kind  ;  but  the  influence  of  changes  in  exter- 
nal conditions  was  not  quite  so  marked.     The  distinction  between  the 
simple  evaporation  which  takes  place  in  obedience  to  physical  laws,  and 
the  transudation  which  is  the  result  of  a  secreting  process,  must  be  kept 
in  view  in  order  to  account  for  their  effects  under  different  circumstances. 
It  might,  at  first  sight,  appear  to  correspond  with  that  between  insensible 
or  vaporous,  and  sensible  or  Uquid  transpiration  ;  but  this  is  not  altogether 
trae,  since  the  secretion  of  the  skin,  if  not  very  abundant,  may^pass  off  in 
the  same  form  with  the  vapour  which  arises  from  its  surface.     The  degree 
of  evaporation  from  the  skin  of  warm-blooded  Vertebrata  is  modified,  as 
in  the  Batrachia  and  other  cold-blooded  animals,  simply  by  the  tempera- 
ture, degree  of  humidity,   movement,    or   pressure   of  the   surrounding 
medium.     Wholly  to  suppress  it,  the  air  must  not  only  be  of  extreme 
humidity,  but  also  at  a  temperature  not  inferior  to  that  of  the  animal ; 
since,  if  the  air  be  colder,  it  will  be  warmed  by  contact  with  the  body, 
and  thus  be  capable  of  holding  an  additional  quantity  of  aqueous  vapour 
in  solution.      Although  cold,   therefore,  diminishes  or  even    altogether 
suppresses  transudation,  evaporation  will  continue  to  a  certain  extent.      In 
Man,  as  in  the  Batrachia,  it  seems  probable  that  heat  alone  stimulates  the 
fimction  of  secretion  from  the  skin ;  so  that,  at  moderate  temperatures  and 
in  ordinary  states  of  the  atmosphere,  the  quantity  transuded  \s  xioX.  xckot^ 


than  one-sixth  of  that  which  is  evaporated  :  whilst  at  an  elevated  tempt- 
rature,  eapeciallj  if  the  air  be  already  humid,  the  amount  of  secretion 
will  much  surpass  that  lost  Ly  evaporation ;  but  if  the  air  be  dry  miil 
sufficiently  agitated,  evaporation  may  increase  nearly  in  the  same  ratio.* 

506.  The  amount  of  fluid  exhaled  in  the  form  of  vapour  from  the 
lungs  appears  to  be  usually  somewhat  more  tbau  that  transpired  from  thr 
surface.  There  is  no  reason  to  believe  that  it  is  liberated  in  any  other 
way  than  by  evaporation,  under  the  peculiarly  favourable  circumstances 
afforded  by  the  delicacy  and  permeabUity  of  the  respiratory  membrane, 
its  constant  supply  of  fluid  hlood,  and  the  frequent  reuewaJ  of  the  air  in 
contact  with  it.  It  is  obvious  that  changes  in  the  external  conditions 
will  have  much  less  influence  upon  its  amount,  than  upon  the  quantity 
evaporated  from  the  skiu  ;  since  the  temperature  of  the  air  in  the  pulmo- 
nary cells  will  be  nearly  uniform  under  all  circumstances  (in  the  healthy 
state  nt  least),  and  its  movements  are  uninfluenced  by  the  variatioDB  of 
the  atmosphere.  If,  however,  the  estemnl  air  were  saturated  with  moia- 
hire,  and  of  the  same  temperature  with  the  body  (so  as  to  he  unahle  to 
acquire  by  its  heat  an  increased  capacity  for  vapour),  it  is  obvious  tlul 
the  evaporation  from  the  lungs,  as  well  as  that  frum  the  skin,  will  be 
entirely  checked. 

507.  From  the  experiments  of  Lavoisier  and  Seguin  it  appears,  tb»t 
n  quantity  of  fluid  exhaled  from  the  cutaneous  and  pulmonarj' 

I  is  5  ft,,  the  minimum  being  I  Jib. ;  and  that  the  tncaii 
quantity  exhaled  per  minute  is  18  grs.,  of  which  1 1  pass  off  hy  the  skin 
and  7  by  the  lungs.  There  is  much  difficulty  in  attaining  correct  informa- 
tion on  this  subject,  however,  owing  to  our  ignorance  of  the  amoniU 
nbsorhed  from  the  atmosphere  ;  and  that,  under  favourable  circimistancra, 
the  quantity  of  fluid  exhaled  from  the  skin  may  be  much  greater  in  i 
short  time  than  these  results  would  lead  us  to  beheve,  appears  from  llie 
late  observations  of  Dr.  S.  Smith. f  These  were  made  upon  labourers  U 
the  Phoenij  Gas  Works,  who  are  employed  twice  a  day  in  drawing  aod 

*  It  ha«  been  etaied  as  the  result  of  the  experiinentn  of  MM.  Dtlarocbe  and  Bt>|pl> 
thnt  not  only  the  heat  but  tbe  humidity  of  the  atmosphere  Btimulutcs  tiBnaudRtion;  tad 
the;  uniTormly  found  tbat  air  eicefeively  hot,  and  charged  with  extreme  hutniditjr,  eli- 
cited a  more  abundant  perHpiration  that  dr;  air  at  a  higher  temperature ;  but  thii  Itnll 
may  be  due  to  the  accumulutioa  of  finid  on  the  evn'race,  in  the  former  condition,  iMA 
would  have  been  rapidly  dissolved  by  the  air  In  the  latter.  It  is  mfliciently  etJitBti 
hoverer,  that  ahumid  state  of  the  atmosphere  docs  not  check  the  lecrelion  of  fluid  in  th 
skin  ;  and  the  same  may  be  said  of  the  contact  of  warm  fluid.  There  is  good  renon  la 
twlieve  that  the  lr>a9  of  weight  which  frec[uently  takes  place  in  the  waini  bath,  thDSjb 
partly  to  he  ai^connted  for  by  the  cantinnunce  of  pnlmanary  eihaladon,  alao  raolli  in 
part  from  cutaneous  Bccretion, — the  diminution  bavinf;  l)EFn,  in  one  of  Dr.  S.  Siiiill>'> 
experiments,  as  much  as  8  oz.  in  half  an  hnnr,  although  the  body  was  preriouBlyicitUle 
of  exhaustion  fiam  labour  in  a  heated  atmoaphere. 

+  Philosophy  of  Health,  vol.  ii.,  323,  &c. 
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charging  the  retorts  and  in  making  up  the  fires,  which  usually  occupies 
about  an  hour ;  the  labour  is  performed  in  the  open  air,  but  is  attended 
with  much  exposure  to  heat.  On  a  foggy  and  calm  day  at  the  end  of 
November,  when  the  temperature  of  the  external  air  was  39^,  and  the 
men  continued  at  their  work  for  an  hour  and  a  quarter,  the  greatest  loss 
observed  was  2ib.  15  oz. ;  and  the  average  of  eight  men  was  2ft.  1  oz. 
On  a  bright  dear  day  in  the  middle  of  the  same  month,  when  the  tem- 
perature of  the  air  was  60^  without  much  wind,  the  greatest  loss  was 
4  ft.  3  oz. ;  and  the  average  was  3  ft.  6  oz.  And  on  a  very  bright  and 
clear  day  in  June,  when  the  temperature  of  the  external  air  was  60^ 
without  much  wind,  the  greatest  loss  (occurring  in  a  man  who  had 
worked  in  a  very  hot  place)  was  5  ft.  2  oz. ;  and  the  average  during  the 
hour  was  2  ft.  8  oz.  If,  as  seems  probable,  a  large  proportion  of  the  fluid 
thus  rapidly  exhaled  would  be  speedily  replaced  by  absorption  from  the 
atmosphere,  it  is  obvious  that  no  calculation  of  the  total  daily  amount  can 
be  accurate,  which  is  based  only  on  the  relative  quantities  of  the  ingesta 
and  egesta. 


CHAPTER  XI. 

SECRETION. 

General  Considerations, 


508.  Although  the  function  of  Secretion  might  not,  at  first  sight, 
appear  so  universal  in  organised  beings  as  those  already  described,  there 
can  be  little  doubt  that  it  is  no  less  essential  to  their  existence ;  since  there 
is  reason  to  beheve  that  it  takes  place  under  some  form  in  every  Uving 
structure.  The  term  Secretion  impUes  a  separation  of  some  portion  of  the 
constituents  of  the  organism  ;  and  although  it  has  been  usually  employed 
to  designate  the  ehmination  from  the  circulating  fluid  of  products  existing 
under  the  same  form,  it  is  much  better  to  extend  its  application  to  the 
evolution  of  aqueous  vapour,  and  of  carbonic  acid  in  a  gaseous  state 
(already  described  under  the  heads  of  Exhalation  and  Respiration) ;  since 
these  take  place  under  precisely  the  same  conditions,  and  must  be  regarded 
as  a  part  of  the  general  function.  The  necessity  for  this  constant  separa- 
tion of  a  portion  of  the  elements  of  the  structure  would  seem  to  arise  in 
part  from  the  constant  tendency  to  decomposition,  which  is  common  to 
the  solid  and  fluid  portions  of  the  organism,  and  which,  if  unchecked  by 
the  deportation  of  the  particles  thus  liberated  (§  274),  would  speedily 
derange  the  train  of  vital  functions.  By  the  process  of  interstitial  absorp- 
tion, these  particles  are  taken  into  the  current  of  the  ciTC\i\at\oii,  a^di  «x^ 

c  c 
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thua  conveyed  to  the  organs  vrhicli  are  to  separate  them.  It  is  not  diffi- 
cult to  understand  that,  in  proportion  to  the  simplicity  of  the  nutrient 
processes,  and  to  the  homogeneous  nature  of  the  structure,  will  be  liic 
simplicity  in  the  charaeter  of  this  function ;  hut  that  it  will  increase  in  com- 
plexity and  importance,  as  the  number  of  difl'erent  parts  is  augmented,  aiiJ 
they  become  mutually  dependent  upon  one  another.  A  general  siu^p'ey  "( 
the  processes  of  Secretion,  as  performed  in  the  Vegetable  and  AniuiJ 
kingdoms,  will  also  show  that  their  activity  bears  a.  close  relation  with  the 
tendency  to  decomposition  in  the  constituents  of  the  organism.  Thus,  in 
Plants,  a  large  proportion  of  the  fabric  usually  possesses  a  character  » 
permanent,  that  it  may  remain  almost  unchanged  for  an  indefinite  time ; 
and  those  parts,  which  are  of  softer  texture  and  more  actively  employed  in 
the  vital  processes,  and  which  are  therefore  more  prone  to  decay,  are  nol 
constantly  renovated  by  interstitial  absorption  and  deposition,  hut  nif 
periodically  thrown  off  and  renewed.  There  is  no  occasion,  therefore,  in 
them  for  great  activity  in  the  excretory  functions  ;  and  we  find  that  litlli' 
is  regularly  thrown  off  from  the  system,  besides  carbonic  acid  aud  aijucoiit 
vapour.  In  Animals,  on  the  other  hand,  all  the  softer  tissues  possess  « 
strong  tendency  to  decomposition  ;  and  the  constant  maintenance  of  tlif  ir 
normal  condition,  which  is  required  for  the  performance  of  their  functioiii. 
is  provided  for  by  the  continual  replacement  of  their  constituents,  imd  by 
the  activity  with  which  the  effete  particles  are  carried  out  of  the  system. 

509.  it  might  be  expected,  then,  that  the  retention  in  the  eirculatiiiK 
fluid  of  the  matters  destined  to  be  excreted,  would  have  an  injurious  fffcrt 
on  the  system  ;  and  this  is  well  known  to  he  the  case.  If  the  function  nf 
Respiration  be  checked,  either  in  Plants  or  Animals,  death  speedi); 
results,  the  nutritious  fluid  losing  its  vital  properties,  and  acquiring  othm 
absolutely  injurious  ;  if  Exhaktion  be  impeded,  the  tissues  become  gorpii 
with  fluid,  and  a  general  injury  to  the  health  of  the  system  soon  beeomM 
apparent ;  and  any  obstruction  to  the  more  constant  and  therefore  mm* 
important  Special  Secretions  quickly  manifests  itself  in  the  disease  or  de«li 
of  the  fabric.  But  the  necessity  for  Excretion  does  not  arise  only  trout 
tlie  sources  just  mentioned  ;  for  it  cannot  be  deemed  improbable,  tlist  ilw 
changes  which  the  crude  aliment  undergoes,  from  the  time  of  ila  fifl 
reception  into  the  absorbent  vessels,  to  that  of  its  conversion  into  organisi'J 
tissues,  involves  the  Uberation  of  many  products,  of  which  the  eleniMls 
are  superfluous  and  therefore  injurious  to  the  system  if  retained  in  it.  An 
example  of  this  kind  has  heeu  already  adduced  (§  42(j).  Moreover,  llir 
elaboration  of  secretions  is  evidently  required,  not  only  to  free  the  attii- 
lating  fluid  from  some  ingredient,  the  predominance  of  which  woulif  1« 
injurious  to  its  properties,  but  to  carry  on  various  processes  in  the  ritil 
economy.  Thus,  the  secretion  of  sahva,  that  of  gastric  juice,  hile,  pin- 
creatic  fluid,  &c.,  contribute  lo  the  performance  of  the  function  nf  dip* 
(ion,  by  tlicir  influence  upon  the  aliment  which  is  to  be  reduced  to  a  sl»lf 
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fit  for  absorption.  In  like  manner,  the  secretion  of  tears  is  adapted  to 
lubricate  and  cleanse  from  impurity  the  surface  of  the  eye ;  whilst  the 
poison  of  the  serpent's  fang,  formed  by  one  of  the  saUvary  glands, — the 
ink  of  the  Sepia,  a  secretion  of  a  urinary  character  (§  318), — the  glutinous 
material  which  forms  the  web  of  the  Spider, — and  many  other  fluids, 
serve  a  purpose  even  more  directly  important  in  the  economy  of  the  ani- 
mals to  which  they  belong,  supplying  them  with  the  means  of  securing 
their  prey,  or  of  escaping  from  their  enemies.  Other  secretions,  again,  are 
connected  with  the  reproductive  functions.  Of  all  these  it  may  be  re- 
marked that,  although  they  are  obviously  destined  for  a  special  purpose 
when  removed  from  the  blood,  it  is  by  no  means  improbable  that  their 
separation  from  the  circulating  fluid  has,  like  that  of  the  regular  excretions, 
an  important  influence  on  the  maintenance  of  its  healthy  character.  Fur- 
ther, we  may  observe  in  the  form  which  the  regular  excretions  assume,  an 
adaptation  to  particular  purposes  in  the  economy.  Thus,  the  separation 
of  Bile  from  the  blood  appears  equally  necessary  for  the  liberation  of  part 
of  its  superfluous  carbon,  and  for  the  process  of  chymification.  The 
excretion  of  carbon  in  a  gaseous  form,  by  Respiration,  on  the  other  hand, 
serves  to  maintain  the  heat  of  the  body,  and  to  facihtate  the  introduction 
of  oxygen  into  the  system,  according  to  the  laws  of  the  difi^sion  of  gases 
already  stated  (§  438).  And  the  constant  Exhalation  of  aqueous  vapour 
from  the  surface,  with  the  occasional  formation  of  sensible  perspiration, 
serves  not  only  to  prevent  the  injurious  accumulation  of  the  absorbed  fluid, 
but  to  keep  the  temperature  down  to  its  proper  standard. 

510.  The  ftmction  of  Secretion  is  one  whose  nature  can  be  but  little 
elucidated  by  anything  at  present  known  of  the  processes  of  Organic 
Chemistry.  It  may  be  stated  as  a  general  fact,  that  the  pecuhar  products 
contained  in  the  secretions  exist  in  the  circulating  fluid,  if  not  altogether 
ready  formed,  at  least  in  a  state  nearly  allied  to  that  which  they  afterwards 
present.  The  grounds  of  this  statement  will  be  hereafter  given.  The 
process  of  Secretion  is,  therefore,  truly  one  of  separation ;  but  the  difficulty 
is  to  understand  why  each  gland  should  secrete  a  fluid  peculiar  to  itself, 
— how  this  excretion  is  so  much  influenced  in  Animals  (as  it  unquestion- 
ably is)  by  the  nervous  system, — and  how,  in  particular  cases,  secreting 
surfaces  should  separate  fluids  of  a  different  character  from  their  own,  and 
to  which  other  organs  are  usually  appropriated  (§  539).  The  phenomena 
of  Endosmose  (§  288,  9),  and  those  of  cataljrtic  action  (§  202)  seem  to 
have  some  connection  with  the  process  ;  but  the  nature  of  that  connection 
is  very  obscure.  The  analogy  of  Respiration,  however, — ^in  which  the  libe- 
ration of  carbonic  acid  has  been  shown  to  be  a  change  in  itself  obedient  to 
physical  laws,  although  dependent  upon  vital  action  for  its  maintenance 
(§  437-9), — seems  to  indicate  that  an  explanation  of  a  similar  character 
may  hereafter  be  applied  to  other  departments  of  the  function.  It  may  b^ 
surmised  without  improbability,  that  the  selecting  power  oi  \\ve  ^^ct^^cav^ 

c  c  ^ 
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membranes  may  be  due,  like  that  of  the  absorbent  vessels  of  Plants  and 

Animals,  to  the  peculiar  character  of  their  organisation  {§  294,319);  anil 
that  any  change  in  the  nutritive  processes  may  thus  modify  it.  Some  ohspr- 
vations  will  be  hereafter  mentioned  (§  573),  which  would  seem  to  indicate 
that  the  electric  state  of  the  different  glands  has  some  influence  on  tire 
nature  of  their  secretions,  as  on  the  physical  phenomena  of  Endosmose.  _■ 

Secretion  in  Plants.  ^M 

511.  There  is  no  subject  in  Vegetable  Physiology  more  obscure,  tbfl^ 
the  object  of  the  innumerable  products  of  vital  chemistry,  some  of  whicli 
abound  iu  every  tribe  of  Plauts.  The  greater  proportion  of  the  compoimiia 
which  are  formed  in  the  elaboration  of  the  sap,  and  wluch  are  afterwards 
separated  from  the  mass  of  the  circulating  fluid,  are  not  carried  out  of  tic 
system  (hke  the  excrementitial  secretions  of  Animals),  but  are  stored  up 
within  it  in  special  receptacles,  where  they  appear  to  undergo  but  little 
alteration,  and  to  have  no  perceptible  connection  with  the  nutrition  of  the 
fabric.  It  would  seem  probable,  from  what  is  at  present  known  of  the 
subject,  that  all  those  special  secretions  of  Plants,  of  which  one  or  more 
seem  peculiar  to  almost  every  Natural  Order,  exist  in  the  latex  or  nutri- 
tious fluid,  which  has  been  formed  by  the  action  of  Ught,  air,  &c..  upon 
the  crude  sap  brought  to  the  leaves  (§  330);  for  although  they  are  usaailj 
found  to  exist  in  greatest  abundance  in  some  particular  portion  of  (he 
fabric,  especially  the  bark  or  fruit,  the  action  by  which  they  are  depoaitwJ 
there  would  seem  to  be  rather  one  that  separatea  them  from  the  general 
mass  of  the  circulating  fluid,  than  one  of  formation.  Some  doubts  moy 
exist  with  regard  to  the  secretions,  for  the  elaboration  of  which  we  fiud 
special  glandular  organs  destined ;  and  it  is  very  possible  that  in  thf« 
some  simple  chemical  changes  may  be  effected,  by  which  their  pecuUw 
products  may  be  eliminated  from  the  elements  already  existing  in  ihe 
fluid  under  some  different  form.  But  so  little  attention  has  been  bestowwl 
upon  this  department  of  the  subject,  that  we  cannot  do  more  than  specu- 
late upon  it.  It  is  unquestionable  that,  upon  the  changes  effected  ro  the 
leaves,  the  formation  of  the  special  secretions  depends;  and  we  can  scared* 
doubt  that  the  principal  agent  concerned  is  light;  since  tropical  plants 
never  fully  attain  their  natural  fragrance,  or  their  other  peculisritic!, 
when  grown  under  the  influence  of  artificial  heat  in  temperate  climates,      , 

512.  Upon  the  Special  Secretions  of  Vegetables  there  is  no  occasii 
dilate  here  at  much  length  ;  since,  httle  being  known  of  them  beyond 
sensible  properties,   and   their  purposes  in  the  economy    being  alt 
entirely  unascertained,  they  feU  much  more  within  the  province 
Chemist  that  that  of  the  Physiologist.      The  various  crystal 
ganic   substances,  which  are  found   in  different  parts  of  the 
plants,  were  formerly  supposed  to  be  the  direct  products  of  the 
processes ;  more  accurate  investigations  have  proved,  however,  that 
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are  all  derived  immediately  from  the  soil,  or  are  introduced  in  some  way  by 
absorption  in  water.     Of  these  crystalline   substances,  there  are  some 
which  appear  to  enter  as  necessary  constituents  into  the  tissues  of  Plants  ; 
for  it  has  been  recently  shown  that,  if  almost  any  portion  of  a  Vegetable 
be  carefully  burned,  the  ash  which  remains  behind  will  preserve  the  form 
of  the  cells,  ducts,  &c.,  so  that  its  particles  must  have  been  difitoed  through 
their  walls.     In  this  manner,  distinct  traces  of  vegetable  structure  may  be 
recognised  in  the  ashes  of  common  coal.     The  mineral  substances  most 
generally  entering  thus  into  the  composition  of  Vegetable  Tissues,  are 
carbonate  of  Ume  and  silex ;  and  a  due  supply  of  these  is  essential  to  the 
health  of  the  plants  respectively  making  use  of  them  (§  276).      But, 
independently  of  such  deposits,  many  species  contain  in  their  interior 
crystals  of  much  larger  size,  which  are  termed  Raphides.      These  are 
generally  composed  of  lime  or  magnesia,  united  with  an  acid  which  is  a 
product  of  Vegetable  Secretion,  usually  either  the  oxalic  or  phosphoric. 
Thus,  in  the  common  Rhubarb,  we  find  long  needle-shaped  crystals,  formed 
of  oxalate  of  Hme.     In  some  instances,  such  crystals  are  united  into  a 
compact  fibrous  bundle  ;  and  in  other  cases,  again,  they  radiate  as  from  a 
common  centre,  so  as  to  form  a  somewhat  spherical  mass.     No  division  of 
the  Vegetable  kingdom  seems  destitute  of  these  crystalline  formations, 
which  show  themselves  in  some  or  other  of  its  species.      It  has  been  com- 
monly supposed  that  they  Ue  in  the  intercellular  passages ;  but  this  does 
not  appear  correct ;  for  it  may  be  shown  by  careful  dissection,  that  they 
are  contained  in  distinct  cells,  which  are  frequently,  however,  much  larger 
than  those  of  the  surrounding  tissue,  and  are  sometimes  open  at  their 
extremities.     Their  quantity  is  so  great  as  even  to  exceed  in  weight  that 
of  the  dried  tissue.     They  are  usually  most  abundant  where  the  process 
of  exhalation  is  being  carried  on  with  the  greatest  activity,  but  are  never 
found  in  the  cells  of  the  cuticle,  which  are  themselves  dead  to  all  vegetative 
changes,  serving  only  to  protect  the  subjacent  tissues.     Mr.  Quekett*  has 
succeeded  in  producing  Raphides  in  the  cells  of  Rice-paper,  by  fiUing  them 
with  lime-water  (by  means  of  the  air-pump),  and  then  macerating  the  sub- 
stance in  oxalic  and  phosphoric  acids.     Both  the  salts  thus  formed  are 
uncrystallizable  by  ordinary  processes ;  but  in  a  few  days  distinct  Raphides 
were  produced.     Thus  it  is  evident  that  the  formation  of  crystals  in  these 
situations  is  due  to  the  slow  admixture  of  their  ingredients  in  the  tissues 
of  the  Plants. 

513.  The  pure  Vegetable  Secretions  are  all  the  result  of  the  combination 
of  the  elements  of  water  with  carbon,  to  which  nitrogen  is  added  in  some 
cases.  Out  of  the  large  number  of  distinct  principles  which  have  been 
analysed  by  chemists,  there  are  but  very  few  in  which  oxygen,  hydrogen, 
and  carbon  are  not  the  components;  the  principal  exceptions  being  the 
essential  oils  of  turpentine  and  lemons,  which  are  compounds  of  carbon  (vxvd 

♦  Lindley'B  Introduction  to  Botany,  3rd.  Edit.  p.  556. 
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hydrogen  alone.  The  means  hy  which  this  immense  variety  is  produced 
from  elements  so  simple,  is  one  of  the  most  curious  mysteries  of  Vital 
Chemistry ;  and  it  must  be  long  before  we  are  enabled  to  imitate  its  effects, 
or  even  to  understand  its  method  of  operation.  It  is  necessary  to  bear  in 
mind,  that  the  processes  which  are  employed  for  the  separation  and  analysis 
of  Vegetable  Secretions,  frequently  produce  important  alterations  in  their 
character.  Thus,  from  the  pulp  of  bitter  almonds  by  compression  alone  a 
fixed  oil  is  obtained ;  but,  when  distilled  with  water,  a  volatile  oil,  mixed  or 
combined  with  hydrocyanic  add,  passes  over,  neither  of  which  compounds 
pre-existed  in  the  substance.  The  oil  is  a  compound  of  a  base  (which  has 
been  termed  hemule,  and  which  consists  of  carbon,  hydrogen,  and  oxygen,) 
with  another  equivalent  of  hydrogen,  which  it  probably  obtuns  hom.  the  water 
during  distillation ;  and  this  base,  though  not  obtainable  in  a  separate  form, 
may  be  transferred  to  other  combinations.  In  Hke  maimer,  the  volatile  oil 
of  mustard,  which  is  so  irritating  to  the  eyes  and  nostrils,  appears  not  to 
pre-exist  in  the  seed,  but  to  be  formed  when  water  is  added  to  its  sub- 
stance in  a  finely  pulverised  state. 

514.  The  milkiness  of  the  proper  juices  of  many  plants  is  caused  by 
their  holding  in  solution  or  suspension  various  products,  besides  those 
which  conduce  immediately  to  the  nutrition  of  the  system.  "When  plants 
containing  them  are  wounded,  the  milky  fluids  are  forced  out  from  both 
hps  of  the  incision,  showing  that  its  effusion  results  from  the  contraction 
of  the  vessels  which  contain  them  ;  but  this  contractility  is  destroyed  by 
an  electric  shock.  Although  differing  in  composition  in  almost  every 
species,  they  may  be  classed  under  three  general  divisions.  1 .  Fluid  in 
which  caoutchouc  is  present.  This  is  most  common  in  tropical  plants, 
especially  those  belonging  to  the  families  Artocarpece  (Bread  fruit-tribe), 
Apocynece  (Oleander  tribe),  and  Euphorhiacece  (Spurge-tribe)  ;  and,  from 
some  of  these,  India  rubber  is  usually  obtained,  though  it  exists  in  many 
others  also.  2.  Narcotic  milk,  in  which  opium  is  an  essential  ingredient, 
and  which  is  principally  met  with  in  the  Papaveracece  (Poppy  tribe)  ;  the 
juices  of  the  Cichoracece  (Endive  tribe),  and  of  the  CampanulacecBy  owe 
their  sedative  properties  to  a  very  analogous  principle.  3.  Milky  juices 
which  contain  little  or  no  opium  or  caoutchouc,  but  hold  in  solution  a 
large  quantity  of  a  principle  analogous  to  animal  fibrin.  Of  this  kind  are 
the  milk  of  the  Papaw ;  and  that  of  the  Palo  di  Vaca  or  Cow-tree 
of  South  America,  described  by  Humboldt,  which  is  used  as  food  by  the 
natives. 

515.  All  the  milky  juices  exist  in  the  bark  and  leaves,  and  may  be 
extracted  by  incisions  made  in  their  tissues.  Though  they  are  not  usually 
destined  to  be  excreted,  there  are  some  plants,  such  as  the  Lactuca  rirosa 
(wild  Lettuce),  in  which  the  reservoirs  of  the  proper  juices  are  so  irritable, 
especially  at  the  time  of  flowering,  that  their  contents  are  expelled  by  the 
slightest  touch.     Many  plants  naturally  containing  them  may  be  used  as 
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food  at  a  period  antecedent  to  their  formation,  or  by  preventing  it ;  thus 
the  lettuce,  cichory,  and  sea-kale  are  rendered  fit  for  the  table,  by  growing 
them  in  diminished  Ught,  or  by  heaping  earth  around  their  young  shoots, 
so  as  to  etiolate  them  (§  440)  ;  and  the  Languedoc  peasants  eat  young 
poppies  with  impunity.  These  proper  juices  sometimes  exist  in  the  roots 
even  in  considerable  abundance ;  and,  as  we  shall  hereafter  see  (§  522), 
probably  contribute  to  form  the  excretions  which  are  thrown  out  from  their 
surface. 

516.  The  next  class  of  Special  Secretions  to  be  considered  includes 
those  which  are  completely  separated  ^m  the  circulating  system  of  the 
Plant,  and  which  appear  to  have  no  relation,  except  in  one  or  two 
instances,  with  the  functions  of  vegetation  ;  they  are  sometimes  found  in 
a  fluid,  sometimes  in  a  soUd  state,  and  seem  generally  to  remain  stored  up 
in  the  part  where  they  are  formed ;  but  occasionally  they  accumulate,  and 
find  their  way  downwards  by  the  force  of  gravity  and  the  natural  per- 
meabiHty  of  the  tissue,  so  as  to  become  extensively  distributed,  although 
they  have  no  regular  circulating  system.  The  structure  of  the  parts 
specially  adapted  for  the  elaboration  of  these  secretions,  has  not  been 
sufficiently  investigated.  They  are  occasionally  formed  by  glands^  which 
consist  of  UtUe  but  cellular  tissue  in  a  state  of  peculiar  condensation ;  these 
^ands  are  either  disposed  in  considerable  number  on  or  near  the  surface, 
in  which  case  the  secretion  which  they  form  is  usually  excreted  from  it, 
— or  in  the  interior  of  the  plant,  where  they  are  connected  with  the  vas- 
cular system.  It  is  not  uncommon  to  find  the  glands  entirely  above  the 
surface  of  the  cuticle ;  in  other  instances  they  are  surmounted  with  tubular 
hairs,  which  serve  to  excrete  the  fluids  they  elaborate ;  and  occasionally 
they  are  mounted  upon  long  hair-Uke  stalks.  The  use  of  these  structures 
is  by  no  means  apparent ;  sometimes  they  are  evidently  adapted  to  the 
defence  of  the  plant,  as  in  the  nettle,  the  sting  of  which  is  composed  of  a 
sharp  tubular  hair,  with  a  poison  gland  at  its  base ;  and  sometimes  the 
viscid  secretions,  which  are  in  this  manner  spread  over  the  surface  of  the 
leaves,  serve  to  attract  and  retain  insects,  as  in  the  Drosera  (Sun-dew). 
Besides  the  glands  visible  to  the  eye,  there  are  doubtless  many  secreting 
points  and  surfaces  which  anatomical  research  has  not  yet  revealed ;  and 
it  cannot  be  doubted  that  membranes  alone  can  perform  the  function. 
Thus,  the  Httle  glands,  as  they  are  termed,  with  which  the  leaves  of  the 
Orange  tribe  and  other  aromatic  plants  are  so  copiously  studded,  are  only 
single  vesicles,  of  which  the  membrane  secretes  the  volatile  oil  they  con- 
tain. In  fact,  it  is  probably  from  the  peculiar  constitution  of  the  mem- 
brane forming  the  vesicles  of  the  glands  previously  described,  that  their 
secreting  powers  are  derived. 

517.  Amongst  the  principal  secretions  of  this  kind  are  ih^  Resinous ; 
these  are  usually  formed  at  numerous  points  in  the  surface  of  the  leaves 
and  bark,  and  are  common  to  several  natural  orders,  aMioxx^  ^^e\iX\«x\^ 
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abundant  in  the  Coniferee.     They  have  no  tissue  specially  provided  for 
their  reception ;   but  appear,  by  accumulating,  to  form  regular  tubular 
cavities,  which  are  called  turpentine-vessels,   but  which  are  in  reality 
nothing  more  than  intercellular  passages.     Volatile  oils  are  also  found  in 
the  foliaceous  and  cortical  parts  of  plants,  and  are  contained  in  Httle 
cysts,  generally  of  a  rounded  form,  which  are  produced,  like  the  turpen- 
tine-vessels, by  the  separation  of  the  adjoining  cells.     They  may  occur  in 
many  other  situations,  and  are  not  uncommon  in  seeds  or  their  envelopes. 
Heat  and  light  seem  pecuHarly  necessary  for  their  formation ;   and  they 
abound  especially  in  tropical  plants,  and  in  those  growing  in  open  situa- 
tions.     It  is  to  them  that  the  variety  of  odours  so  widely  dififused  through 
the  Vegetable  kingdom  is  to  be  attributed.     When  their  receptacles  are 
near  the  surface,  and  the  surrounding  tissue  is  soft  and  lax,  the  aromatie 
principles  are  constantly  being  exhaled  to  the  atmosphere,  and  conse- 
quently are  maintained  only  during  the  life  of  the  plant,  disappearing  as 
fast  as  they  are  formed.     There  are  many  plants  of  which  the  perfume  is 
only  diflPused  at  night,  and  this  is  peculiarly  the  case  with  flowers  of  dingy 
colour :  amongst  Orchideous  plants,  which  generally  exhibit  this  tendency, 
there  is  a  remarkable  exception  to  all  rules,  the  Cacalia  septentriondu, 
which  exhales  an  aromatic  odour  if  exposed  to  the  direct  rays  of  the  sun ; 
but,  if  anything  is  interposed  between  it  and  the  sun,  its  odour  ceases,  and 
is  renewed  as  soon  as  the  interference  is  removed.     From  the  researches  of 
Dumas  it  appears  that  most  essential  oils  are  not  simple  principles,  as  was 
formerly  supposed,  but  compounds  of  camphor  with  liquid  carburets  of 
hydrogen  ;    the  latter  being  the  peculiar  constituent.      The  substance 
deposited  by  them  after  long  standing,  although  slightly  different  accord- 
ing to  the  oil  which  yields  it,  always  possesses  the  same  essential  character, 
and  is  nearly  identical  with  camphor.     This  last  product  is  itself  a  com- 
pound of  oxygen  with  a  base  termed  camphene,  which  is  essentially  the 
same  with  pure  oil  of  turpentine,  and  is  composed  of  carbon  and  hydrogen 
alone. 

518.  When  fixed  oils  occur  in  plants,  they  are  not  deposited  in  special 
forms  of  tissue,  or  in  irregular  cavities  ;  but,  hke  fecula,  they  occupy  the 
interior  of  common  cells.  They  are  only  found  in  the  seed,  or  its  en- 
velopes ;  and  they  seem,  like  fecula,  to  be  transformed  by  germination  into 
a  material  fit  for  the  nutrition  of  the  young  plant.  They  may  be  con- 
sidered as  performing,  in  the  Vegetable  economy,  a  function  analogous  to 
that  of  fat  in  Animals  ;  but  how  it  is  made  subservient  to  the  processes  of 
nutrition,  we  are  yet  in  ignorance.  In  this  light  also  we  may  regard  some 
of  the  azotised  principles  found  in  plants ;  such  as  gluten,  which  is  so 
abundant  in  the  Cerealia  (corn-grasses)  and  forms  so  large  a  part  of  the 
aliment  of  man.  It  is  always  found  in  combination  with  fecula  ;  and  from 
the  observations  of  Raspail  and  Mirbel,  it  would  appear  to  form  the  mem- 
branous parietes  of  the  cells  in  which  the  albumen  is  contained.     The 
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quantity  of  gluten  contained  in  seeds  varies  considerably  with  the  soil  from 
which  the  plants  are  raised,  and  the  manure  applied  to  them.  Thus,  wheat 
without  manure  furnishes  only  9  per  cent,  of  gluten,  and  70  per  cent,  of 
fecula ;  when  manured  with  horse-dung,  the  proportions  were  I33-  of 
gluten,  and  61^  of  fecula ;  with  ox-blood,  34  of  gluten,  and  41  of  fecula; 
and,  with  still  more  highly-azotised  animal  products,  35  parts  of  gluten  to 
40  of  fecula.  Hence  it  would  appear  that  the  more  azote  is  contained  in 
the  soil  or  manure,  the  more  effectual  it  is  in  the  production  of  gluten, 
which  is  increased  at  the  expense  of  the  fecula. 

519.  Of  the  numerous  acid  and  alkaline  secretions,  with  which  the 
Vegetable  kingdom  suppUes  us,  very  Httle  need  be  said ;  since,  however 
important  they  are  in  a  chemical  or  medicinal  point  of  view,  we  know 
scarcely  anything  of  their  uses  in  the  vegetable  economy.  One  or  two 
interesting  facts  respecting  them  may,  however,  be  stated.  From  the 
property  already  mentioned  (§  403),  which  is  possessed  by  gum,  of  being 
converted  into  sugar  by  the  action  of  acids,  it  would  seem  that  a  process 
of  this  kind  is  effected  during  the  ripening  of  fruits ;  for  the  gum  and 
lignin  they  contain  when  unripe  gives  place  to  sugar,  which,  being  formed 
by  the  action  of  the  acid,  corrects  its  taste,  without  its  original  quantity 
being  diminished.  A  considerable  amount  of  oxalate  of  lime  is  contained 
in  many  Lichens ;  and  this  appears  to  be  generated  in  a  very  peculiar 
manner.  A  vast  proportion  of  this  tribe  grow  upon  calcareous  rocks ;  and, 
by  the  formation  of  oxalic  acid  (a  compound  of  carbon  and  oxygen  only) 
they  act  upon  the  lime-stone  beneath  them,  and  excavate  for  themselves 
hollows  in  it,  which  serve  to  retain  the  mould  resulting  from  their  decom- 
position, when  their  period  of  vitality  is  terminated.  The  same  species  of 
lichens,  growing  upon  granite  or  other  non-calcareous  rocks,  remain  always 
at  the  surface,  not  having  the  power  of  acting  chemically  upon  them.  It 
is  by  means  such  as  these,  that  Lichens  are  the  agents  in  converting  the 
sterile  and  desolate  rock  into  a  scene  of  rich  and  luxuriant  vegetation. 

520.  The  means  by  which  the  principal  Colouring  matter  of  Plants, 
ehramule,  is  produced,  have  been  already  considered  (§  440,  1)  ;  but  we 
may  now  advert  to  some  of  its  peculiar  modifications.  Its  usual  form  is 
that  of  small  grains  adhering  to  the  insides  of  the  cellules  lyiiig  beneath 
the  cuticle  ;  and  its  composition  has  been  stated  by  Macaire  to  be  essen- 
tially carbon  and  hydrogen,  with  a  small  proportion  of  oxygen.  In  many 
cases  it  is  altered  during  the  succession  of  the  seasons ;  most  leaves  chang- 
ing to  yellow  in  the  Autumn,  but  some  assuming  a  decidedly  red  tint. 
Macaire  has  ascertained  that  this  change  depends  on  the  oxidation  of  the 
chromule, — the  leaves  continuing  to  absorb  oxygen  at  night,  but  ceasing 
towards  autumn  to  give  it  out  during  the  day  ;  and  that  it  may  be  artifi- 
dally  produced  by  acids,  which  turn  the  green  first  to  yellow  and  then  to 
red,  according  to  the  intensity  of  their  action.  The  red  colouring  matter 
of  many  flowers,  such  as  the  Salvia  splendenSy  exhibits  the  saiae  \^TO^et\^fc^ 
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as  the  chromule  of  leaves  when  oxidised ;  and  this  fact  will  be  easily  ac- 
counted for,  when  it  is  remembered  that  all  the  parts  of  a  flower  are 
actively  employed  in  the  disengagement  of  carbonic  acid  and  the  absorption 
of  oxygen  (§  448).  As  flowers  are  now  well  known  to  be  but  modifications 
of  the  same  elementary  structure  which  forms  leaves,  it  would  not  seem 
improbable  that  they  owe  their  varied  colours  to  the  same  source, — a 
modification  of  chromule  determined  by  the  presence  of  free  acid  or  alkali, 
or  by  the  degree  of  oxidation  it  has  undergone.* 

521.  Of  the  Excretions  of  plants,  namely,  those  secretions  which  are 
formed  for  the  purpose  of  being  removed  from  the  system,  all  that  is 
certainly  known  tends  to  show,  that  they  may  in  general  be  reckoned  as 
respectively  similar  to  the  peculiar  products  of  the  tribe.  Thus,  gum, 
sugar,  oils,  &c.  are  occasionally  excreted,  either  from  a  mere  excess  of  the 
quantity  contained  in  the  plant,  or  from  their  being  formed  near  the  sur- 
face. The  FrcLxinella  secretes  a  volatile  oil  in  little  glands,  which  are 
abundant  on  the  leaves  and  stems  ;  and  the  evaporation  of  the  oil  through 
the  cuticle  is  so  considerable  in  warm  weather,  as  not  only  to  produce  a 
powerful  odour,  but  to  render  the  atmosphere  around  the  plant  highlj 
inflammable.  The  excretion  of  wax  is  very  common  in  plants ;  and  is 
frequently  so  abundant,  as  to  be  important  in  an  economical  point  of  view. 
Sugar  is  excreted  in  the  form  of  honey  by  the  nectaries  of  many  plants,  as 
formerly  noticed  (§  448)  ;  in  this  case  it  would  seem  to  be  but  the  over- 
flow of  that  which  is  produced  for  a  special  purpose  of  the  economy,  but  it 
serves  the  obvious  purpose  of  alluring  insects  to  facilitate  the  dispersion  of 
the  pollen  ;  it  is  also  occasionally  excreted  in  a  crystalline  state.  In  addi- 
tion to  these  instances  of  excretion,  that  of  aqueous  fluid  should  be  noticed, 
which  takes  place  from  the  leaves  or  foliaceous  organs  of  many  plants. 
Thus,  the  CcBsalpina  pluviosa,  a  Brazilian  tree,  is  said  to  produce  a  shower 
of  drops  of  water  resembling  rain.  The  Limnocharis  Plumieri  has  a  large 
pore  terminating  the  veins  of  the  point  of  the  leaf,  from  which  water  is 
constantly  distilled  ;  and  a  secretion  of  aqueous  fluid  takes  place  also  from 
the  leaves  of  the  Arum,  and  of  several  other  Plants.  Allusion  has  already 
been  made  (§  281)  to  the  probability  that  part,  at  least,  of  the  fluid  con- 
tained in  the  pitchers  of  the  Nepenthes,  Sarracenia,  &c.  is  secreted  from 
the  walls  of  the  cavity  ;  but  it  is  not  easy  to  determine  the  truth  on  this 
subject.      A  special  fasciculus  of  vessels,  however,  has  been  traced  from 


*  According  to  Messrs.  Schubler  and  Funk,  who  published  a  memoir  on  this  subject  at 
Tubingen  in  1825,  the  colours  of  all  flowers  may  be  divided  into  two  grand  series, — those 
of  which  yellow  is  the  type,  which  is  regarded  as  produced  by  chromule  in  an  oxidiaed 
state  ',  these  are  capable  of  passing  into  red  or  white,  but  never  into  blue  : — and  those  of 
which  blue  is  the  type,  in  which  they  regard  the  chromule  as  having  been  deoxidised; 
these  may  also  pass  into  red  or  white,  but  never  into  yellow.  Others  are  of  opinion,  how- 
ever, that  there  are  at  least  two  elementary  colouring  principles  in  plants  ;  by  the  mixture 
and  varieties  of  which  is  prepared  all  the  brilliant  and  diversified  spectacle  we  enjoj. 


SECRETION    IN    PLANTS.  395 

the  laticiferous  system,  to  the  glands  which  are  found  at  the  hottom  of  the 
pitcher  of  Nepenthes. 

522.  The  last  hranch  of  the  present  enquiry,  that  which  relates  to 
Excretions  from  the  roots,  seems  hkely  to  prove  the  most  important  one 
in  an  economical  point  of  view,  from  its  connection  with  agricultural  pro- 
cesses. It  is  only  recently  that  proper  attention  has  been  paid  to  the  subject ; 
and  few  experiments  have  been  made  upon  it,  except  those  of  Macaire, 
which  were  performed  at  the  request  of  De  Candolle.  That  plants  have  the 
power  of  freeing  themselves  in  this  manner  from  noxious  mgredients  intro- 
dnced  into  their  circulation,  is  shown  by  the  following  experiment.  A 
plant  of  Mercuriahs  had  its  roots  divided  into  two  bundles,  one  of  which 
was  introduced  into  a  weak  solution  of  acetate  of  lead,  whilst  the  other  was 
hmnersed  in  pure  water.  At  the  end  of  a  few  days,  the  water  had  become 
perceptibly  impregnated  with  acetate  of  lead ;  which  had  therefore  been 
taken  into  the  circulation  by  the  roots  on  one  side  of  the  plant,  and 
thrown  off  again  by  the  other  set.  Again,  if  a  Leguminous  plant  be  placed 
in  distilled  water,  the  fluid  will  be  found  in  a  few  days  strongly  impreg- 
nated with  mucilaginous  matter  excreted  from  the  roots.  The  matters 
thus  procured  from  plants  of  different  families  are  very  dissimilar,  and 
seem  closely  aUied  in  character  to  their  proper  juices.  Thus  the  Cicho- 
racea  exude  a  large  quantity  of  a  brownish  bitter  secretion,  analogous  to 
opium ;  PapaveracetBy  a  substance  of  a  similar  nature  ;  Euphorhiacece,  a 
ganuny-resinous  matter  of  acrid  taste ;  and  so  on.  From  what  has  been 
formerly  stated  (§  296),  it  would  appear  that  this  excretion,  which  is  pro- 
bably essential  to  the  maintenance  of  the  health  of  the  economy,  is  also  a 
necessary  result  of  the  conditions  under  which  the  function  of  absorption  is 
performed.  The  mixture  of  the  proper  juices  with  the  absorbed  sap,  keeps 
up  that  superiority  in  its  density  to  that  of  the  external  fluid,  which  is 
required  for  the  performance  of  endosmose ;  while  the  transference  of  a 
portion  of  these  juices  to  the  liquid  on  the  other  side  of  the  septum,  con- 
Btitntes  the  exosmose,  which  is  always  associated,  more  or  less  evidently, 
with  it. 

523.  These  facts  will  probably  afford  a  rational  basis  for  the  principle 
which  had  been  previously  estabhshed  by  experience, — that  a  Plant  will 
not  generally  flourish  in  earth,  which  has  been  previously  occupied  by 
another  of  the  same  species.  Thus,  in  gardens,  no  quantity  of  manure 
will  enable  one  fruit  tree  to  flourish  on  a  spot  from  which  another  of  the 
tribe  has  been  removed  ;  it  is  also  a  well-established  fact  in  forestry,  that 
when  a  wood  principally  composed  of  one  species  of  timber  trees  has  been 
cleared,  the  trees  which  spring  up  spontaneously,  and  supply  the  place  of 
the  former  growth,  are  for  the  most  part  of  a  different  species ;  and  all 
fanners  practically  evince,  by  the  rotation  of  their  crops,  their  experience 
of  the  existence  of  this  law.  It  is  probable,  however,  that  the  exhaustion  of 
the  mineral  base  required  by  each  particular  species,  may  also  \ie  eowcjerckfe^ 
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in  producing  this  influence.    The  matter  excreted  from  the  roots  may  be 
easily  proved  to  be  injurious  to  the  individual,  or  to  others  of  the  same 
species  whose  roots  are  placed  in  contact  with  it ;   but  it  has  been  sug- 
gested by  De  CandoUe  that  the  excretions  of  one  species,  genus,  or  family, 
may  nevertheless  be  perfectly  innocuous  and  even  beneficial  to  those  of 
another ;   thus,  the  Leguminosse  are  well  known  to  improve  the  gnmnd 
for  the  Gramineae,  to  such  a  degree,  that  it  is  absolutely  preferable  to 
obtain  a  crop  of  peas  or  beans  between  two  crops  of  com,  rather  than 
allow  the  land  to  lie  fallow  during  the  intermediate  year.     If  this  view 
be  extended  to  the  degree  of  which  it  seems  capable,  it  may  hereafter  be 
possible  for  the  fanner  to  dispense  almost  entirely  with  manure,  by  pro- 
perly varying  his  successive  crops,  and  thus  making  the  excretions  of  one 
tribe  of  plants  answer  the  purpose  of  a  manure  to  another.   There  are  some 
species,  however,  which  may  be  said  to  poison  all  which  come  near  them 
or  succeed  them ;  this  seems  particularly  the  case  with  such  rank  weeds  as 
the  Papaveracese,  which  are  injurious,  rather  by  the  narcotic  excretions  of 
their  roots,  than  by  the  exhaustion  of  the  soil  which  they  produce ;  and 
also  with  such  species  as  excrete  tannin,  so  that  trees  transplanted  into  a 
soil  where  oaks  have  previously  grown  seldom  flourish  and  generally  die. 
A  very  weak  solution  of  opium  placed  in  contact  with  the  roots,  soon 
destroys  the  vital  irritabihty  of  the  plant ;   and  tannin  seems  to  operate  in 
an  equally  injurious  manner,  by  its  chemical  action  upon  the  deUcate  tissue 
of  the  spongioles  (§  294),  and  upon  that  of  the  general  vascular  system  of 
the  plant,  when  introduced  into  it.     Macaire  has  proved  that  excretions  by 
the  roots  take  place  rather  under  the  influence  of  obscurity  than  of  light; 
and  that  they  are  strictly  dependent  upon  the  vitality  of  the  plant,  and  upon 
the  energetic  action  of  its  nutritive  system. 


With  regard  to  the  immediate  objects,  in  the  Vegetable  economy,  of  the 
greater  number  of  the  changes  involved  in  the  function  of  Secretion,  we 
have  been  obliged  to  confess  the  ignorance  which  prevails  amongst  physi- 
ologists. But  we  must  not  overlook  the  obvious  uses  of  these  processes 
to  the  Animal  creation.  How  many  of  the  products  of  secretion  consti- 
tute the  most  important  and  agreeable  articles  of  food,  both  to  man  and 
the  inferior  tribes !  How  many  more  gratify  their  senses  by  their  fragrant 
odours,  or  the  delicacy  and  variety  of  their  tints  ;  and  how  numerous  are 
the  means  which  they  aflbrd  for  the  restoration  of  the  body  in  disease,  by 
their  medicinal  effects  upon  the  system  !  This  is  an  instance  in  which  a 
very  cautious  application  of  the  doctrine  of  final  causes  is  necessary,  ^o 
one  ought  to  be  presumptuous  enough  to  affirm  that,  though  he  has  dis- 
covered an  evident  purpose  in  a  particular  structure,  or  an  obvious  end  to 
be  answered  by  a  particular  function,  there  may  not  be  some  other,  less 
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apparent,  but  really  of  more  consequence ;  nor  when  he  is  altogether  at 
fault  as  to  the  design  for  which  some  organ,  seemingly  useless,  may  have 
been  created,  or  the  object  for  which  some  function  with  no  evident  pur- 
pose may  have  been  introduced  into  the  economy,  has  he  any  right  to  say 
that  their  existence  is  unintelhgible  or  superfluous.  On  the  contrary,  their 
very  universality  and  regularity  are  but  indications  of  our  own  ignorance, 
as  contrasted  with  the  Infinite  Wisdom  of  the  great  Being  who  made 
nothing  in  vain. 

Secretion  in  Animals. 

524.  The  compUcation  of  the  general  nutritive  processes,  in  the  higher 
classes  of  the  Animal  kingdom,  involves  a  great  increase  in  the  extent  and 
importance  of  the  secreting  system,  and  in  the  variety  of  the  products 
separated  from  the  circulating  fluid.  In  all  cases,  the  secretion  is  formed 
by  a  special  organ  or  gland,  more  or  less  complicated  in  structure  ;  in  its 
simplest  or  essential  character,  however,  it  may  be  regarded  as  a  bag  or 
sac,  formed  of  a  membrane  on  the  outside  of  which  blood-vessels  ramify, 
and  provided  with  an  orifice  by  which  the  contents  may  be  either  trans- 
mitted to  the  place  where  their  presence  is  required,  or  carried  out  of  the 
system  altogether.  It  is  the  membrane  of  which  this  sac  is  formed,  that 
constitutes  the  true  secreting  organ  ;  and  although  our  means  of  observa- 
tion do  not  at  present  enable  us  to  distinguish  any  marked  differences  in 
its  structure  in  the  different  glands,  it  is  manifest  that  such  variations 
must  exist,  since  (as  will  presently  appear)  the  conformation  of  the  secret- 
ing sacs  or  tubes  into  masses  of  various  shape  and  texture,  has  nothing  to 
do  with  the  character  of  their  products, — this  being  entirely  determined 
by  that  of  the  membrane  through  which  they  are  transuded  from  the 
blood.  It  is  not  a  Uttle  curious  to  remark,  also,  that  all  the  secreting 
membranes  of  which  glands  are  formed,  are  prolongations  either  of  the 
skin,  or  of  the  mucous  membranes  which  are  continuations  of  it.  And  in 
tracing  the  gradual  evolution  of  the  secreting  system  in  the  Animal  scale, 
we  shall  have  peculiar  opportunity  of  observing  and  applying  the  principle 
of  specialisation,  which  has  been  already  so  frequently  dwelt  upon. 

525.  But  these  glands  are  not  the  only  organs  of  secretion  ;  for  a  more 
general  condition  of  this  function  may  be  traced  throughout  the  Animal 
kingdom,  as  in  the  Vegetable.  In  the  cellular  tissue,  wherever  it  exists, 
there  appears  to  reside  a  power  of  rapidly  separating  from  the  blood  its 
serous  or  watery  portion  ;  and  it  is  upon  the  due  distension  of  the  inter- 
stices between  its  elastic  fibres  with  this  fluid,  that  the  pecuUar  tension  or 
ttmeity,  which  characterises  this  tissue  in  its  healthy  state,  appears  to 
depend  (§57).  A  secretion  of  a  more  peculiar  nature  is  formed  by  one 
of  the  modifications  of  cellular  tissue,  the  adipose,  the  fatty  matter  which 
its  vesicles  contain  being  strictly  a  secretion  from  the  mem\iT«afc  tetTKov^ 
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their  walls  ;   and  as  these  cells  have  no  outlet,  their  contents  are  stored  up 
in  them,  like  the  corresponding  secretions  of  Plants,  nntil  their  re-absorp- 
tion is  required  for  the  purposes  of  the  economy.     There  are  other  cases 
in  which  secretion  takes  place  into  closed  caTities,  and  this  frequently 
upon  a  large  scale.     Thus,  the  synovial  capsule,  which  surrounds  the 
joints  and  covers  the  articular  surfaces  (§  58),  may  be  demonstrated  to  be 
a  completely  closed  bag  or  sac  ;   and  a  fluid  is  secreted  finom  its  inner  sur- 
face, that  lubricates  the  parts  of  which  the  friction  would  otherwise  be 
injurious,  but  is  never  poured  forth  by  any  outlet ;   so  that  in  disease  it 
sometimes  accumulates  and  distends  the  sac.     In  like  manner,  the  heart, 
lungs,  and  intestines  are  each  surrounded  by  a  serous  sac,  the  inner  walls 
of  which  secrete  a  lubricating  fluid,  by  which  the  motions  of  these  parts  are 
prevented  from  being  injurious  to  the  surrounding  organs ;  and  here,  too, 
the  continued  effusion  of  the  natural  secretion,  unbalanced  by  its  absorp- 
tion, or  an  excess  of  it  from  disease,  may  cause  that  degree  of  accumulatkiii, 
which  constitutes  dropsy  of  the  thoracic  or  abdominal  cavities.     There  afe 
a  few  instances  in  which  secretions,  afterwards  to  be  used  elsewhere,  afe 
formed  in  closed  cells ;   and  they  then  escape  from  their  confinement  bj 
bursting  their  envelope.* 

526.  In  the  diflerent  glands  possessed  by  the  higher  Animals,  we  maj 
find  types  of  all  the  gradations  of  structure,  which  the  most  complex  (sudi 
as  the  liver)  exhibits,  when  its  evolution  is  traced,  either  in  the  ascending 
scale  of  the  Animal  kingdom,  or  in  the  development  of  the  foetus, — the 
same  correspondence,  which  has  been  elsewhere  noticed,  being  peculiarly 
obvious  here.  It  will  be  our  most  advantageous  plan,  therefore,  to  describe 
the  principal  forms  under  which  glands  exist,  previously  to  giving  a  general 
sketch  of  the  condition  of  the  secreting  function  in  the  different  classes; 
for,  in  this  manner,  are  we  able  to  analyse  and  render  evident  much  that 
would  otherwise  be  almost  unintelligible  from  its  complexity.  The  simplest 
form  of  gland  is  a  mere  bag  composed  of  membrane,  and  having  an  orifice 
for  the  discharge  of  its  contents.  This  bag  may  be  of  very  different  fonns ; 
sometimes  it  is  globular,  sometimes  elongated  into  a  short  tube.  Examples 
of  this  structure  are  very  frequent.  Thus,  the  mucous  crypts  which  are  so 
abundant  on  the  surface  of  all  the  mucous  membranes  (§  61),  may  be 
regarded  as  the  first  indication  of  it.  In  many  animals,  the  foUicles  of  the 
skin,  by  which  its  protective  secretion  is  formed,  exhibit  it  very  distinctly ; 
at  Fig.  155  is  represented  one  of  the  flask-shaped  follicles  in  the  intega- 
ment  of  the  Salamander.  In  Birds,  the  saliva-like  secretion,  by  which  the 
food  is  moistened  in  the  ventriculus  succenturiatus  (§  321),  is  poured  out 
by  similar  follicles  closely  arranged  in  its  lining,  and  somewhat  prolonged 
into  a  tubular  form,  as  at  Fig.  154.  These  are  illustrations  drawn  from 
the  minor  portions  of  the  secreting  system  in  the  higher  animals ;  but  those 
glands  which,  in  point  of  complexity  and  importance,  hold  the  highest 

*  See  Miillers  Physiology,  vol.  i.  p.  431. 


SECRETION    IN    ANIMALS.  399 

rank,  present  a  condition  precisely  analogous  when  examined  sufficiently 
low  down  in  the  scale ;  and,  in  fact,  every  gland  may  be  found  to  possess 
this  structure,  if  examined  in  the  members  of  that  class  in  which  it  makes 
its  first  appearance.  Thus,  in  the  class  of  fishes,  the  pancreas  occasion- 
ally shows  itself  in  the  form  usually  exhibited  by  higher  Vertebrata ;  in 
some  species,  however,  it  is  much  more  simple ;  and  in  the  cephalopoda, 
where  this  gland  makes  its  first  appearance,  it  may  be  detected  as  a  simple 
globular  or  oval  sac,  opening  into  the  ahmentary  canal,  or  as  a  prolonged 
tube,  possessing  a  blind  termination,  and  sometimes  twisted  spirally  for 
closer  packing,  as  in  the  Sepia,  Lohgo,  &c.  Fig.  156.  This  last  form  is 
interesting,  as  being  the  evident  connection  between  the  globular  folHcle,  and 
the  lengthened  tube  which  constitutes  other  glands.  Even  the  Hver,  in 
many  among  the  lowest  classes,  is  represented  only  by  a  series  of  such 
folHcles,  either  contained  within  the  coats  of  the  stomach,  as  in  the  Cilio- 
brachiate  Polypi  (§  152),  or  arranged  round  the  intestine,  opening  into  it 
by  many  distinct  orifices — ^Uke  the  folhcles  of  the  bulbus  glandulosus  of 
Birds — ^as  in  many  Insects  (Fig.  157).  In  some  of  these  folhcles  a  ten- 
dency to  subdivision  is  manifested,  as  in  Fig.  158;  and,  either  in  this 
manner,  or  by  the  junction  of  distinct  sacs,  aggregate  or  convpound  follicles 
are  formed,  several  having  their  orifices  united  into  a  common  outlet,  or 
into  a  tube  which  conveys  their  products  to  it. 

527.  The  arrangement  of  these  aggregate  folhcles  is  extremely  various. 
Thus,  at  Fig.  159  is  shown  the  manner  in  which  they  cluster  together  to 
form  one  of  the  glands  in  the  stomach  of  the  Beaver ;  and  the  Pancreas 
in  many  fishes,  the  hver  in  several  Insects,  the  mammary  gland  of  the 
Ornithorhyncus,  and  other  subordinate  glands  in  higher  Mammalia  (Fig. 
161)  are  found  to  possess  the  same  type  of  structure.  In  other  cases,  the 
folHcles  are  arranged  upon  their  common  duct,  hke  currants  upon  their 
stalk ;  very  beautiful  examples  of  this  occur  in  the  Meibomian  glands  of 
the  eyehds  (Fig.  162),  the  saUvary  glands  of  many  animals,  the  poison 
^ands  and  those  connected  with  the  reproductive  function  in  Insects 
(Fig.  163),  and  many  others.  All  these  folhcles  may,  it  is  evident,  be 
r^arded  as  dilatations  of  the  tube  into  which  they  open,  as  that  tube  may 
itself  be  considered  a  prolongation  of  the  surface  from  which  it  proceeds. 
It  is  easy  to  see  how  the  intricacy  of  the  structure  may  be  increased  by 
further  subdivision  of  the  secreting  cavities, — ^while  their  essential  simpHcity 
stiU  remains  evident.  Thus,  in  Fig.  165  is  shown  a  portion  of  the  liver  of 
the  Lobster,  which  is  seen  to  consist  of  a  number  of  elongated  folhcles, 
disposed  upon  a  tube  which  is  itself  only  a  branch  of  the  main  canal.  In 
Hke  manner,  the  sahvary  glands  of  the  higher  Mammalia  are  formed  by  the 
subdivision  of  the  branches  of  the  principal  ducts,  as  shown  in  Fig.  166. 
In  these  and  similar  instances,  the  collection  of  the  secreting  vesicles  round 
the  separate  branches  of  the  duct  gives  rise  to  the  division  of  the  gland 
into  lobules,  the  proportion  of  which  to  its  whole  bulk  will  depend,  xx^oxv.  \)!afe 
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minuteness  of  the  ramification  of  the  duct,  previously  to  its  termination  in 
the  secreting  coeca.     Thus,  in  the  Hver  of  the  Pagurus  striatus  (one  of  the 
Hermit-Crabs),  of  which  part  is  shown  in  Fig.  164,  these  lobules  are  very 
distinct ;  and  though  they  appear  to  be  sohd,  a  more  careful  examination 
shows  that  they  are  channelled  out  into  secreting  cavities,  that  open  into 
the  branch  of  the  duct  on  which  they  are  situated.     A  corresponding 
structure  exists  in  the  mammary  glands  of  many  Mammalia  (Fig.  167). 
In  the  liver  of  the  higher  Vertebrata,  these  terminal  lobules  are  very 
minute,  and  the  analysis  of  them  is  difficult ;  but  although  in  the  adult 
condition  it  has  not  been  found  possible  to  trace  (in  the  healthy  state  at 
least*),  the  minor  subdivisions  of  the  hepatic  duct  to  their  termination,  no 
doubt  exists  that  those  bodies  are  formed  by  the  prolongation  of  these 
branches  into  secreting  sacs  or  tubuli,  hke  those  elsewhere  found, — espe- 
cially as,  in  the  embryo  condition  of  many  Birds  and  Mammalia,  they  are 
beautifully  manifested.    It  is  evident,  then,  that  all  the  forms  of  glands  yet 
noticed  are   but    modifications  or   repetitions  of   the  simple  type  first 
described ;  and,  exactly  as  in  the  case  of  the  lungs  (§  480),  do  we  find  that, 
in  proportion  to  the  activity  of  the  function  and  the  elevation  of  the  being 
in  the  scale,  the  structure  of  the  organ  becomes  more  intricate,  through  the 
minuteness  of  the  subdivision  of  its  parts,  which  allows  an  increase  of 
surface  to  almost  any  extent  without  a  corresponding  increase  of  bulk,  its 
essential  character  remaining  unchanged. 

528.  It  is  not  a  little  curious  that — while  the  required  extent  of  surface 
is  given  in  all  the  glands  connected  with  the  alimentary  canal  by  the  sub- 
division and  ramification  of  the  duct  itself,  the  ccecal  terminations  being 
still  short  and  simple, — ^it  is  obtained  in  the  kidney  and  glands  peculiarly 
connected  with  the  reproductive  system,  by  the  prolongation  of  the  follicles 
themselves  into  tubes  of  enormous  length,  which  maintain  the  same  diameter 
through  the  greatest  part  of  their  course,  and  do  not  ramify,  or  at  least 
very  sHghtly ;  but  which  are  convoluted  or  rolled  upon  one  another  in  such 
a  manner  as  to  occupy  very  little  space.  Thus,  in  insects,  in  which  class 
what  were  formerly  regarded  as  biliary  are  now  considered  urinary  tubes 
(their  secretion  being  shown  to  contain  urea  §  317),  we  find  the  simplest 
possible  form  of  an  apparatus  of  this  kind  (Fig.  105),  the  separate  canals 
opening  into  the  intestine  by  distinct  orifices.  The  difference  between  a 
prolonged  tube  of  this  kind  and  a  short  rounded  vesicle,  is,  however,  more 
apparent  than  real.     It  is  on  the  exterior  of  both  that  the  blood-vessels 

*  Certain  diseased  conditions  occasionally  lead  to  a  disclosure  of  the  intimate  structure 
of  parts,  much  more  complete  than  that  effected  by  the  knife  and  microscope  of  the 
anatomist.  Thus,  in  the  "  North  American  Archives  of  Medical  and  Surgical  Science," 
No.  9,  is  related  a  case  in  which  obstruction  of  the  excretory  duct  of  the  liver  produced 
such  an  enormous  dilatation  of  all  its  ramifications  with  the  secreted  fluid,  that  their  ter- 
mination in  blind  extremities  in  the  intimate  tissue  of  the  gland  was  distinctly  exhibited 
These  blind  extremities  were  closely  clustered  together,  and  the  ducts  proceeding  from 
them  were  seen  to  converge,  and  to  terminate  in  the  main  trunk  for  the  corresponding  lobe. 
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ramify,  from  which  the  secretion  is  elaborated  by  the  membrane  composing 
them ;  and  each  conveys  the  fluid  poured  into  its  cavity  to  the  orifice  by 
which  it  is  discharged.  A  precisely  similar  gradation  may  be  traced  in  the 
evolution  of  glands  of  this  character,  with  that  which  has  been  already 
described  regarding  the  development  of  the  others.  Thus,  the  kidney  of 
Fishes  consists  of  a  congeries  of  simple  tubes,  sometimes  nearly  straight 
and  parallel,  sometimes  convoluted,  which  take  their  origin  from  the  ureter. 
Where  the  kidney  has  a  lobulated  aspect,  each  lobe  consists  of  the  convo- 
lutions of  a  single  tube.  In  Serpents  and  other  Reptiles  a  further  compli- 
cation is  observed,  the  ureter  giving  oflF  successive  branches,  and  each  of 
these  subdividing  into  a  number  of  similar  prolonged  and  convoluted  tubes, 
which  altogether  make  up  the  lobule.  Fig.  169  exhibits  this  structure  in 
a  Coluber,  and  also  shows  the  relation  of  the  secreting  tubes  to  the  blood- 
vessels which  ramify  between  them.  In  the  Mammalia,  the  lobuli,  which 
are  disposed  upon  a  similar  though  still  more  intricate  plan,  are  generally 
united  together,  and  form,  with  the  plexus  of  blood-vessels  that  surrounds 
them,  the  cortical  substance  of  the  kidney.  Their  convoluted  tubes  termi- 
nate in  straight  excretory  ducts,  and  these  empty  themselves  at  last  into 
the  ureter  (§  170). 

529.  From  the  preceding  details,  it  will  appear  that  the  substance  of 
every  gland  is  made  up  simply  of  the  ramifications  of  the  duct,  which  is 
itself  a  prolongation  of  the  surface  upon  which  it  terminates, — and  of  the 
plexus  of  vessels  which  surrounds  these  tubes  and  sacs,  and  connects 
them  with  one  another.  The  distribution  of  the  artery  upon  the  secreting 
sacs  of  a  loosely-aggregated  gland  (the  parotid)  is  seen  in  Fig.  166 ;  but 
in  those  of  closer  texture,  such  as  the  Liver,  the  arrangement  is  more 
complex,  especially  in  the  higher  Vertebrata.  It  will  be  recollected  that 
the  secretion  of  this  gland  is  formed,  not  from  arterial  blood,  as  in  other 
cases,  but  from  the  blood  which  has  been  already  rendered  venous  by  cir- 
culating through  the  abdominal  viscera  (§  362).  The  ramifications  of  the 
vena  porta,  therefore,  are  those  which  are  concerned  in  this  function,  those 
of  the  hepatic  artery  serving  chiefly  to  nourish  the  tissues ;  whilst  the  hepatic 
vein  collects  the  blood  from  both.  It  appears  from  the  investigations  of 
Mr.  Kieman,*  that  the  terminal  branches  of  the  vena  porta  compose  the 
exterior  of  each  lobule,  while  the  hepatic  vein  takes  its  origin  in  the  centre  ; 
the  capillaries  which  communicate  between  these  being  distributed  on  the 
membrane  of  the  secreting  coeca.  In  Fig.  1 7 1  is  seen  a  transverse  section 
of  two  lobules,  showing  Mr.  K.'s  view  of  this  arrangement.  The  large 
branches,  a,  a,  of  the  heptatic  ducts,  subdivide  and  inosculate,  forming 
the  biliary  plexus ;  and  in  the  interstices  of  this  are  distributed  the 
ramifications  of  the  portal  veins,  which  are  interlobular.  In  the  centre 
are  perceived  the  intralobular  veins,  b,  b,  which  commence  in  the  capillary 
ramifications  of  the  portal  plexus  ;  and  these  terminate  in  the  hepatic 

*  Philosophical  Transactions,  1833, 
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vein.  The  capillaries  of  the  hepatic  artery,  whose  office  it  is  to  nourish 
the  various  tissues  of  the  organ,  terminate  (there  seems  good  reason  to 
believe)  in  the  portal  plexus ;  so  that  the  blood  which  has  become  venous 
in  them,  mixes  with  that  brought  from  the  abdominal  viscera ;  and  the 
bile  is  secreted  from  both.  There  is  some  reason  to  believe  that  the 
ultimate  ramifications  of  the  biliary  ducts  inosculate  with  each  other  so  as 
to  form  a  network ;  but  this  is  imcertain.  The  ingenious  experiments  of 
Mr.  Kieman  have  shown  that  various  appearances  of  the  liver  after  death 
may  be  readily  accounted  for  by  attending  to  this  relation.  Thus,  if  the 
hepatic  veins  be  filled  with  red  injection,  the  centre  only  of  the  lobules  wiD 
be  filled.  Fig.  1 74  ;  if  the  vena  porta  alone  be  injected,  the  circumference 
only  will  be  coloured  by  it.  Fig.  1 75.  In  either  case,  the  liver  will  present 
a  mottled  appearance  from  the  mixture  of  red  with  its  ordinary  yellow ; 
but  in  the  one  case  each  lobule  will  have  a  red  centre  with  a  lighter  border, 
and  in  the  other  a  red  circumference  with  a  pale  centre ;  and  these  are  the 
appearances  which  naturally  result  from  a  congested  state  of  one  or  other 
of  these  systems  at  the  time  of  death.  If  neither  is  congested,  the  whole 
liver  is  pale ;  if  both  are  distended,  the  whole  is  dark ;  and  sometimes  the 
opposite  colouring  is  met  with  in  diflFerent  parts  of  the  same  liver.* 

530.  We  may  now  take  a  brief  survey  of  the  evolution  of  the  secreting 
system  in  general,  observed  in  ascending  the  Animal  scale.  No  special 
organ  distinctly  adapted  to  this  purpose  can  be  shown  to  exist  in  the  lowest 
classes.  Wherever  there  is  a  stomach,  however,  for  the  digestion  of  food, 
some  secretion  must  be  formed  by  its  coats,  for  the  purpose  of  that  solution 
which  is  the  necessary  preparation  for  the  absorbent  process.  We  mar, 
therefore,  not  improbably  regard  the  whole  of  the  interior  surface  of  the 
digestive  cavity  of  the  Hydra  as  possessing  this  power ;  and  where  this 
cavity  is  more  complex  in  its  form,  as  in  the  Star-fishy  Planaria,  &c., 
being  provided  with  a  number  of  coecal  prolongations,  it  would  seem  not 
impossible  that  some  of  these  may  have  a  particular  adaptation  to  this 

•  In  the  above  account  of  the  circulation  in  the  liver,  the  Author  has  adopted  the 
views  expressed  by  Mr.  W.  J.  E.  Wilson,  in  his  late  excellent  description  of  the  Liver 
(Cyclop,  of  Anat.  and  Physiol,  vol.  in.).  Several  errors  into  which  Miiller  has  fallen  on 
this  intricate  subject  are  very  clearly  substantiated  ;  and,  amongst  others,  one  in  which 
the  Author  had  unhesitatingly  followed  that  eminent  Anatomist  and  Physiologist,  rely- 
ing too  implicitly  on  his  authority.  The  section  of  the  liver  of  the  Squirrel,  represented 
in  Fig.  168,  is  described  by  MUller  (and  consequently  in  the  former  edition  of  the 
present  work)  as  exhibiting  the  ultimate  terminations  of  the  biliary  tubuli  "  in  blind  sacs 
of  cylindrical  form  and  closely  packed  together."  According  to  Mr.  Wilson,  in  whose 
careful  analysis,  and  excellent  illustrations,  the  Author  feels  bound  to  confide,  the  liver 
represented  in  this  figure  was  in  a  state  of  hepatic  venous  congestion,  the  dark  centre* 
of  the  lobules  having  in  many  parts  coalesced,  so  as  to  obscure  their  form,  and  the  hght 
portions  being  the  uncongested  part,  through  which  the  interlobular  veins  are  seen  to  be 
distributed.  For  a  more  minute  account  of  this  condition,  and  the  proo&  of  its  real 
nature,  the  article  above  cited  may  be  referred  to. 
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purpose.  Tlie  radimentary  condition  of  the  Liver  in  some  Polypes  and 
Annelida  has  already  been  noticed.  Among  the  insect  tribes  it  attains 
greater  deyelopment;  but  it  would  seem  altogether  subordinate  to  the 
orinary  system,  which  has  been  erroneously  considered  a  portion  of  it. 
It  is  not  difficult  to  account  for  the  low  condition  of  the  liver  in  these 
classes ;  since  the  excessive  amount  of  the  respiratory  function  must  render 
almost  unnecessary  any  other  method  of  discharging  carbon  from  the 
system.  It  is  not  among  all  the  Articulata,  however,  that  the  Hver  appears 
a  subordinate  organ ;  for  in  the  Crustacea,  whose  respiration  is  aquatic 
and  therefore  less  energetic,  it  attains  a  very  considerable  size,  occupying 
frequently  a  large  part  of  the  abdomen,  and  in  one  or  two  species  acquiring, 
a  spongy  texture  by  the  union  of  its  minute  subdivisions  into  one  mass,  so 
as  to  resemble  in  some  degree  the  sohd  form  which  this  gland  presents  in 
higher  animals  (Fig.  164).  The  hver  usually  presents  in  the  Mollusca  a 
a  very  large  size  and  highly-developed  condition;  and  although  this  is, 
without  doubt,  in  part  connected  with  the  general  compHcation  of  the 
digestive  functions  in  these  classes  (§  318),  yet  we  may  also  fairly  regard 
it  as  a  compensation  for  their  feeble  respiratory  powers.  It  would  be  in- 
teresting to  trace  in  detail  the  gradual  elevation  in  the  character  of  this 
organ,  which  may  be  perceived  in  ascending  through  these  classes ;  but  it 
must  here  be  only  stated  that,  whilst  in  the  tunicata  it  is  disposed  in 
many  separate  lobes  around  the  pyloric  orifice  of  the  stomach,  and  opens 
into  that  cavity  by  numerous  apertures,  it  is  concentrated  in  the  cephalo- 
poda into  one  mass,  and  opens  into  the  intestine  (or  rather  enters  a  pro- 
kmgation  of  it  which  may  be  regarded  as  part  of  the  pancreas)  by  a  single 
duct.  In  fishes  we  find  the  earhest  appearance  of  the  gall-bladder, 
which  may  be  regarded  as  a  dilatation  of  the  excretory  duct  serving  the 
purpose  of  a  receptacle  for  the  fluid  as  secreted,  and  thus  allowing  its  pas- 
sage into  the  intestinal  tube,  only  when  it  is  required  for  the  purposes  of 
digestion.  The  gradually-increased  complexity  of  the  structure  of  this 
g^and  in  the  Yertebrated  classes  has  already  been  noticed  (§  527).  In 
die  mammalia  the  hver  generally  possesses  considerable  development,  and 
poors  its  secretion  into  the  intestine  by  a  single  duct ;  sometimes,  how- 
ever, there  are  several  excretory  canals,  of  which  one  terminates  in  the 
intestine,  and  the  rest  in  the  gall-bladder ;  and  there  are  species  among  all 
dasses  of  Vertebrata  in  which  the  gall-bladder  is  entirely  absent, — ^a  defi- 
aeoey  that  is  most  common  in  herbivorous  animals,  in  which  the  process 
of  digestion  is  almost  constantly  going  on.  A  sort  of  valvular  apparatus 
has  lately  been  demonstrated  by  Dr.  John  Davy*  to  exist  in  the  bile-ducts ; 
by  which  the  regurgitation  of  the  fluid,  or  of  the  contents  of  the  intestines, 
is  prevented. 

531.    That  the   bile  is  principally   secreted  from   the  venous  blood 
broQ^it  to  the  Uver  by  the  vena  porta  (§  362),  there  would  seem  good 
•  Anatomical  and  Physiological  Researches.    Vol.  u. 
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reason  to  believe ;  but,  as  its  formation  continues,  though  in  diminished 
quantity,    after    this  vessel    has  been  tied,   it  would  appear   that  the 
arterial  capillaries  must  also  be  concerned  in  it, — probably,  however,  only 
by    transmitting    the  blood    which    has    passed    through    them,    into 
the    lobular   venous    plexus    (§   529).       It    is  not   unUkely  that   one 
office  of  the  Uver  may  be  to  purify  the  blood  from  any  injurious  matter 
taken  in  from  without,  as  well  as  to  free  it  from  that  which  has  been 
taken  up  in  the  course  of  the  circulation.     It  has  been  stated  as  probable 
(§  319)  that  most  of  the  substances  absorbed  from  the  intestinal  surface, 
which  do  not  enter  into  the  constitution  of  the  chyle,  are  introduced  by 
the  mesenteric  veins  ;   and  all  these  unite  into  the  portal  trunk,  so  as  to 
submit  the  blood  which  has  received  any  such  admixture,  to  the  action  of 
the  liver,  before  it  is  transmitted  to  the  system  at  large.     And  if,  as  is 
beKeved  by  many,  there  is  an  actual  exchange  of  ingredients  between  the 
blood  and  the  chyle  in  the  lymphatic  glands,  a  part  of  the  materials  taken 
up  by  the  lacteals  will  be  similarly  treated.*     The  probable  uses  of  the 
secretion  of  bile  in  the  digestive  process  have  already  been  stated  (§  306). 
As  to  its  constitution  it  is  difficult  to  speak  positively,  since  chemists  dis- 
agree much  respecting  it.      The  soUd  resinous  matter,  which  may  be 
obtained  by  evaporation,  consists  almost  entirely  of  carbon  and  oxygen 
(the  proportions  being  about  55^  of  carbon,  and  43^  of  oxygen,  to  2  of 
hydrogen), — ^nitrogen  being  entirely  absent.      From  this  substance  two 
principles  may  be  obtained,  which  probably  exist  in  a  corresponding  state 
in  fluid  bile.     These  are  cJiolesterine,  a  crystalline  fatty  matter,  resembling 
spermaceti  in  appearance,  and  forming  a  large  proportion  of  biliary  con- 
cretions ; — and  picromel,  a  compound  to  which  the  peculiar  taste  of  the 
bile  is  owing,  and  which  also  may  be  reduced  to  a  crystalline  form.    Of 
these,  the  first  is  by  no  means  peculiar  to  bile,  and  has  been  found  in 
many  other  fluids  of  the  body,  especially  those  drawn  from  morbid  parts ; 
but  its  deposition  in  them  may  not  improbably  result  from  the  constant 
presence  of  it  in  the  blood.    It  is  suggested  by  BerzeUus,  that  the  greatest 
part  of  the  animal  matter  of  the  bile  may  be  regarded  as  an  altered  fonn 
of  albumen  ;   and  it  is  not  unreasonable  to  surmise,  that  its  tendency  to 
assume  a  crystalline  form  is  the  cause  of  its  unfitness  to  serve  for  the 
general  nutrition  of  the  system,  and  consequently  necessitates  its  excretion. 
The  retention  of  the  bile  within  the  system,  from  any  obstruction  to  its 
flow  through  the  ducts,  is  well  known  to  produce  very  injurious  effects ; 
the  secretion  is  then  absorbed  again  into  the  blood,  giving  rise  to  jaundice; 
and  the  injury  to  the  properties  of  the  vital  fluid  thus  produced,  is  marked 
by  a  peculiar  inaptitude  for  muscular  or  mental  exertion.     The  entire  ces- 

*  It  is  an  interesting  fact  in  relation  to  this  hypothesis,  that,  in  animals  poisoned  bj 
repeated  doses  of  the  salts  of  copper,  the  metal  has  been  traced  in  the  liver  after  death, 
although  it  could  not  be  detected  in  other  parts  of  the  body.  See  Dr.  Christison's 
Treatise  on  Poisons. 
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sation  of  the  process  of  secretion  itself  is  followed,  however,  hy  a  more 
severe  train  of  symptoms,  and  usually  terminates  in  death.  In  cases  of 
this  kind  the  hile-ducts  are  found  pervious  and  empty. 

532.  The  Pancreas  (sweetbread)  cannot  be  regarded  as  holding  a 
place  in  order  of  importance  nearly  as  high  as  that  of  the  Liver ;  since  we 
find  it  nearly  or  wholly  absent  in  all  the  Invertebrata ;  and  since  experi- 
ment shows  that  it  may  be  removed  from  animals  which  possess  it, 
without  materially  affecting  their  health.  The  secretion  which  it  forms 
would  seem  to  be  of  more  consequence  to  the  digestive  process  than  to 
the  purification  of  the  blood ;  for  it  differs  but  Uttle  in  composition  from 
saliva,  and  might,  in  fact,  be  regarded  as  a  more  concentrated  form  of  the 
same  fluid.  The  advance  in  the  complication  of  the  form  of  this  gland, 
as  it  may  be  traced  in  ascending  the  Animal  scale,  exactly  corresponds 
with  what  has  been  already  stated  regarding  the  structure  of  glands  in 
general.  In  the  cephalopoda  it  usually  exists  as  a  single  sac,  sometimes 
globular,  and  sometimes  prolonged  into  a  straight  or  spiral  tube  (§  526). 
Its  interior  is  in  general  partly  divided  by  folds  of  the  lining  membrane  ; 
and  in  fishes  we  frequently  meet  with  many  coeca,  instead  of  a  single 
subdivided  one.  These  again  subdivide  and  ramify,  so  as  to  increase  the 
extent  of  secreting  surface ;  and  in  the  Sturgeoriy  the  tubes  are  united 
together  so  as  to  form  a  sponge-like  cellular  mass  ;  whilst  in  the  Sharks 
and  Rays  the  organ  attains  the  close  texture  which  it  possesses  in  higher 
animals. 

533.  The  secretion  formed  by  the  Kidneys  may  be  regarded  as 
possessing  a  purely  excrementitious  character,  since  it  serves  no  useful 
purpose  in  the  economy,  and  its  separation  appears  essential  to  the  main- 
tenance of  the  vital  properties  of  the  blood.  This  gland  almost  always 
presents  a  tubular  structure  ;  and  the  required  extent  of  surface  is  given 
by  an  enormous  prolongation  of  the  individual  coeca,  not,  as  in  other  cases, 
by  a  multiphcation  in  their  number  by  minute  subdivisions.  It  is  here, 
therefore,  very  evident  that  the  whole  of  the  secreting  surface  is  but  a 
prolongation  of  the  duct  in  which  all  the  tubes  terminate ;  and,  as  the 
walls  of  this  duct  are  themselves  continuous  with  the  membrane  on  which 
it  opens,  it  is  obvious  that,  however  prolonged  or  ramified  this  surface 
may  be,  it  is  a  part  of  the  general  system  of  mucous  membranes,  of  which 
some  modification  constitutes  not  only  the  external  tegument  of  the  body, 
but  every  reflexion  of  it.  The  justice  of  this  view  will  be  still  fiirther 
demonstrated,  when  the  embryonic  development  of  the  glands  is  described 
(§  540).  The  form  in  which  the  urinary  organs  exist  in  insects  has  been 
already  noticed  (§  528) ;  in  the  family  of  Bombardier  Beetles,  their  secretion 
has  a  very  acid  character,  and  is  expelled  by  these  Insects  as  a  means  of 
defence,  in  the  form  of  httle  jets  of  vapour,  which  strongly  resembles  in  its 
chemical  characters  that  of  nitric  acid.  No  very  decided  traces  of  them 
have  been  found  among  the  Mollusc  a  ;  but  uric  acid,  a  i^ai:aRX.ensXAR 
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ingredient  of  the  fluid,  has  been  detected  in  the  conteats  of  certain  gl 
,  whicli  are  usually  situated  near  the  outlet  of  the  mantle, 
which  seem  to  secrete  the  colouring  matter  of  the  shell.     In  the  Janli 

J  137)  the  purple  fluid  which  tinges  the  shell,  and  which 
excreted  aa  a  means  of  defence,  appears  to  hold  this  place  ;  and  the 
may  be  said  of  the  ink  of  the  naked  cephalopoda.  Throughout  the 
Vertebrata,  the  kidney  presents  a  very  similar  character,  consisting  of 
immensely  prolonged  tubes,  on  the  walls  of  which  blood-ressels  rami^, 
and  which  are  closed  at  one  extremity,  and  terminate  at  the  other 
branches  of  the  excretory  duct.  It  is  in  the  closeness  of  the  air 
and  the  minuteness  of  the  ramification  of  the  blood-vessels  upon 
walls,  that  the  principal  difference  exists  in  the  structure  of  thia  organ 
different  classes  of  Vertebrata.  In  some  of  the  higher  Articclata,  a 
slight  dilatation  of  the  urinary  ducts  near  their  termination  may  be  per- 
ceived,—the  first  indication  of  a  urinarj'  hladder  for  the  temporary  recep- 
tion of  the  excretion.  A  smaU  cavity  of  tbi^  kind  is  found  in  some 
FISHES.  Among  the  reptiles,  it  attmns  its  greatest  development  in  the 
CAelonia,  in  whiRh,  as  also  in  the  Batrackia,  it  is  very  large  and  constant ; 
whilst  it  is  often  absent  in  the  Saitria ;  and  no  trace  of  it  exists  in  Ser- 
pents. In  HiRDS  also  it  is  undeveloped,  except  in  the  Oitrieh,  where* 
dilatation  of  the  lower  part  of  the  intestine,  into  which  the  ureters  open, 
serves  this  purpose, — thus  marking,  with  many  similar  points  of  struc- 
ture, the  affinity  of  this  animal  with  the  mammalia,  in  which  the  urinary 
bladder  is  constantly  found. 

534.  The  secretion  of  urine  appears  to  be  the  principal  means  by 
which  the  superfluous  nitrogen  of  the  system  is  got  rid  of;  for  the  prin- 
cipal part  of  its  solid  contents,  exclusive  of  the  saline  matter  (which  for- 
responds  with  that  of  the  blood),  consists  of  very  highly  azotised  priiieiplcs. 
Of  these  the  most  characteristic  is  urea,  which,  when  pure,  appears  iu  the 
form  of  delicate  acicular  crystals,  and  contains  nearly  4?  per  cent,  nf 
nitrogen, — a  lai^r  proportion  than  that  known  to  exist  in  any  other 
organic  substance.  Une  add,  which  exists  in  small  proportion  in  heillh, 
but  of  which  the  quantity  is  much  increased  in  many  diseases,  alsn  caa- 
taius  one-third  part  of  nitrogen ;  and  it  is  probably  to  he  regarded  as  ■ 
compound  of  urea,  which  principle  may  he  obtained  from  it.  Here  ngwn, 
therefore,  we  see  a  provision  made  for  the  excretion  of  the  erytfailint 
matter,  which  results  from  the  changes  that  take  place  in  the  blood  daring 
the  circulation,  and  which  is  highly  deleterious  if  retained  in  the  system. 
It  is  an  interesting  fact  in  relation  to  the  source  of  this  excretion,  thil  in 
the  serum  of  blood  (^  425)  there  is  a  portion  not  coogulable  by  heat,  &t., 
which  is  termed  the  serosity.  This  contains  a  large  quantity  of  aniniBl 
matter,  which  may  be  reasonably  supposed  to  consist  principally  of  fffrif 
particles,  since  it  increases  in  amount  when  the  kidneys  are  extirpuWii; 
and  when  tlic  secretion  is  checked  by  this  operation,  or  by  natural  disew 
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(as  not  unfrequently  occurs),  urea  may  be  detected  in  this  part  of  the 
blood.  The  effects  of  the  retention,  within  the  current  of  the  circulation, 
of  the  matter  which  should  have  been  thus  removed  from  it,  are  very 
speedily  fatal ;  the  brain  appearing  chiefly  to  suffer.  The  aqueous  por- 
tion of  the  secretion  is  very  variable  in  amount  in  different  classes  ;  being 
sometimes  nearly  deficient,  as  in  Birds  and  Serpents, — and  sometimes 
very  abundant,  as  in  the  Chelonia.  It  is  generally  greatest  when  the 
amount  of  transpiration  from  the  skin  is  least,  and  seems  to  be  in  some 
degree  vicarious  with  that  excretion.  The  highly-azotised  products, 
which  are  generally  so  abundant  in  the  urine  of  carnivorous  animals,  are 
oi%en  very  scantily  present  in  the  vegetable-feeders.  It  appears  from  the 
experiments  of  Chossat,*  that  the  quantity  of  sohd  matter  in  the  urinary 
excretion  varies  with  the  proportion  of  azote  in  the  food  taken.  As  much 
as  ^  of  all  the  azote  ingested  as  food  is  ordinarily  discharged  by  the 
ELidney.  M.  Chossat  found  that  each  oimce  of  dry  farinaceous  food 
(bread)  produced  from  1 6  to  19  grains  of  soUd  matter  in  the  urine ;  whilst 
each  ounce  of  dry  albumen  produced  73  grains,  and  the  same  of  fibrin  7G 
grains.  Hence  we  learn  the  importance  of  regulating  the  diet,  when  it  is 
desired  to  restrain  the  formation  of  uric  acid. 

535.  The  general  distribution  of  the  Salivary  glands  in  the  Animal 
scale  has  already  been  noticed  (chap.  v.).  They  are  usually  developed  in 
proportion  to  the  solidity  of  the  food,  and  the  degree  of  mastication  it 
undergoes;  but  the  character  of  their  structure  always  bears  a  relation 
with  the  place  of  the  being  in  the  scale.  Thus,  in  many  insects,  whose 
mandibles  are  actively  employed  upon  hard  food,  the  salivary  secretion 
is  very  important ;  but  the  required  extent  of  secreting  surface  is  given, 
as  in  the  respiratory  apparatus  (§  461),  by  a  prolongation  of  the  simple 
tubes  of  which  the  gland  usually  consists  in  the  Articulated  classes,  and 
not  by  any  transition  to  the  more  concentrated  form  which  it  presents 
in  higher  tribes.  In  the  Mollusca,  these  glands,  hke  the  others  apper- 
taining to  the  digestive  system,  acquire  an  increased  importance,  and 
attain  a  higher  grade  of  development,  manifested  in  their  more  solid  and 
united  texture.  In  the  highest  form  in  which  the  salivary  glands  exist  in 
the  Vertebrata,  however,  they  always  retain  a  type  much  simpler  than 
that  of  more  important  glands  (§  527)  ;  resembling,  in  fact,  that  which 
the  Hver  and  pancreas  present  in  inferior  classes.  The  amount  of  solid 
matter  held  in  solution  in  saliva  is  not  more  than  about  1  per  cent. ;  and 
this  consists  partly  of  animal  matter  (much  of  which  seems  to  be  a  modi- 
fication of  albumen),  and  partly  of  saline  ingredients  derived  from  the 
blood.  A  few  transparent  globules  may  be  observed  in  the  fluid ;  and 
these  are  stated  to  be  larger  than  the  red  particles  of  the  blood.  The 
secretion  of  saliva  appears,  Uke  that  of  tears,  to  be  peculiarly  imder  the 
influence  of  the  nervous  system.     Every  one  knows  how   much  it  is 

*  Joum.  de  Physiologie,  Tom.  v.  p.  65. 
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affected  by  states  of  mind,  and  especiallj  by  emotions  excited  by  the  real 
or  imagined  presence  of  food.  But  it  must  also  be  through  a  similar  chan- 
nel, that  the  secretion  is  excited  by  the  contact  of  substances  introduced 
into  the  mouth,  without  the  intervention  of  any  mental  process  ;  since  the 
glands  are  situated  at  a  distance  from  the  surface  stimulated,  and  not  im- 
mediately beneath  it  as  in  the  stomach. 

536.  The  protective  secretions  of  the  skin  deserve  notice  on  account 
of  their  very  extensive  occurrence,  imder  some  form  or  other,  throughout 
all  classes  of  animals  possessed  of  a  soft  external  tegument.  In  most  of 
those  which  inhabit  salt  water,  there  is  a  very  abundant  secretion  of  mu- 
cus from  the  surface  ;  and,  in  many  of  the  lower  tribes,  this  mucus  has  a 
luminous  property,  and  sometimes  a  very  acrid  character,  both  of  which 
may  be  useful  in  self-defence  (§  546).  The  mucous  secretion  is  most 
abundant  in  fishes,  where  the  glands  by  which  it  is  formed  attain  consi- 
derable extent  of  development ;  and  some  of  the  Batrachia  also  are  fur- 
nished with  a  similar  protection  to  their  soft  skins ;  in  neither  case, 
however,  does  the  secreting  apparatus  possess  a  higher  character,  than  that 
of  the  less  developed  mucous  foUicles  of  the  skin  of  higher  animals  (Fig. 
155).  Many  pecuHar  secretions,  however,  occur  among  species  of  various 
classes,  which  may  be  regarded  as  modifications  of  the  general  cutaneous 
mucus.  Thus,  strongly  odoriferous  fluids  are  generated  by  many  Insects, 
Reptiles,  and  Mammalia ;  and  these  are  sometimes  produced  by  insulated 
glands,  as  in  the  Castor,  Musk-Ox,  &c.,  and  sometimes  from  the  general 
surface  or  a  large  part  of  it.  The  oily  secretion,  again,  which  serves  so 
important  a  purpose  in  the  economy  of  the  diving  Birds  (in  rendering  their 
downy  covering  impervious  to  water)  may  be  regarded  as  belonging  to  the 
same  general  division. 

537.  The  Lachrymal  and  Mammary  secretions  are  more  restricted; 
the  former  not  being  formed  by  any  Invertebrata,  and  being  nearly  defi- 
cient in  Fishes ;  and  the  latter  existing  in  no  class  but  the  Mammalia. 
The  glands  which  form  them  never  attain  a  very  concentrated  type,  their 
ultimate  cells  remaining  large.  Both  these  secretions  are  capable  of  being 
peculiarly  influenced  through  the  nervous  system,  either  by  particular 
states  of  mind,  or  by  a  stimulus  sympathetically  communicated  from  ano- 
ther organ.  Thus,  although  a  constant  secretion  of  tears  takes  place  for  the 
purpose  of  lubricating  the  eye,  an  increased  flow  may  result  from  mental 
emotion,  or  from  an  irritation  of  the  surface  of  the  ball,  of  which  the  mind 
is  not  necessarily  conscious.  The  secretion  of  milk  is  influenced  in  Uke 
manner.  How  this  sympathetic  irritation  is  conveyed  will  be  hereafter 
enquired  (§  739). 

538.  It  would  be  foreign  to  the  purpose  of  this  work,  to  enter  into 
further  detail  on  the  various  peculiar  secretions,  which  are  met  with  in 
different  species  of  Animals.  Enough  has  been  said  for  the  elucidation 
(so  far  as  the  present  state  of  knowledge  on  the  subject  admits)  of  the 
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conditions  under  which  all  the  secreting  processes  take  place ;  and  here, 
as  elsewhere,  we  are  led  to  admire  the  number  of  purposes  which  the  same 
simple  elements  may  be  made  to  serve.  It  will  be  interesting  to  compare 
the  dimensions  of  some  of  the  ultimate  portions  of  the  glands  of  different 
animals ;  by  which  it  will  be  seen  that  the  simpler  the  character  of  the 
gland,  and  the  lower  in  the  scale  it  is  examined,  the  larger  in  proportion 
to  the  size  of  the  animal  are  its  elementary  parts.  The  following  measure- 
ments are  given  in  fractions  of  an  inch : — 

Capillary  vessels  in  Man r^o  to  ii^ 

Pulmonary  air-cells ik  to  ^ 

Cells  of  the  Kver  of  Murex  (Gasteropodous  Mollusc)  ....  -^  to  ^^ 

'                  Helix  pomatia  (garden  snail)      ....  iJs 

'                  embryo  of  Jay  (1  inch  in  length)    ...  si? 

embryo  of  Rabbit gfa  to  -yir 

Tubuli  uriniferi  of  electric  Ray li? 

Serpent gfe 

Owl       A 

Squirrel jris 

Man sis  to  sis 

Cells  of  salivary  gland  of  Murex -^  to  ^ 

GrOOSe 555 

Dog -     .  \m 

Vesicles  of  lachrymal  gland  of  Goose *     .  sto 

Vesicles  of  mammary  gland  of  Hedgehog  during  lactation      .        A  to  jjb 

539.  Although,  as  we  have  seen,  the  number  and  variety  of  the  Secre- 
tions becomes  greater,  in  proportion  to  the  increased  complexity  of  the 
nutritive  processes  in  the  higher  classes,  and  although  each  appears  as  if 
it  could  be  formed  by  its  own  organ  alone,  yet  we  may  observe,  even  in  the 
highest  Animals,  some  traces  of  the  community  of  function  which  charac- 
terises the  general  surface  of  the  lowest.  It  has  been  shown  that,  although 
the  products  of  secretion  are  so  different,  the  elementary  structure  of  all 
^ands  is  the  same ; — that  the  secreting  surface  may  be  regarded,  in  every 
instance,  as  a  prolongation  of  the  general  envelope  of  the  body,  or  of  the 
reflexion  of  it  that  Hnes  the  digestive  cavity ; — and  that  the  pecuHar  prin- 
ciples of  the  excretions  seem  to  pre-exist  in  the  blood,  in  a  form  at  least 
closely  allied  to  that  which  they  assume  after  their  separation.  It  would 
result,  then,  from  the  general  law  formerly  stated  (§  243),  that — ^when  the 
Unction  of  any  particular  gland  is  suspended,  or  where  it  is  not  performed 
with  sufficient  activity  to  separate  all  the  products  to  be  excreted  from  the 
blood, — the  general  surface,  or  other  secreting  organs,  should  be  able  to 
perform  it  in  some  degree;  and  pathological  observation  is  constantly 
bringing  to  light  examples  of  such  an  occurrence.     Thus,  c\\o\^s^etma\va& 
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been  found  deposited  in  diseased  tissues  of  almost  every  part  of  the  body ; 
uric  acid  in  the  neighbourhood  of  the  joints ;  urine  has  passed  off  from 
the  skin,  stomach,  intestines,  nose,  and  mamma,  and  has  been  effused  into 
the  ventricles  of  the  brain ;  and  milk  has  been  poured  forth  from  pustules 
on  the  skin,  and  from  the  salivary  glands,  kidneys,  &c.  Such  cases  have 
been  regarded  as  fabulous ;  but  the  physiologist  can  now  readily  compre- 
hend them. 

540.  The  last  division  of  our  subject  is  the  evolution  of  the  Secreting 
organs  in  the  embryo  state.     The  details  on  this  point  have  been  most 
ably  worked  out  by  Miiller*  and  others ;  and  it  has  been  shown  that  a 
most  beautiful  correspondence  exists,  between  the  character  of  each  ^and 
in  the  higher  Animals  at  different  epochs  in  its  development^  and  the  per- 
manent forms  it  exhibits  in  the  lower.     The  general  facts  relating  to  the 
formation  of  the  glands  connected  with  the  aUmentary  canal  (such  as  the 
hver  and  pancreas)  may  be  briefly  stated.     The  glandular  mass  is  at  first 
gelatinous  and  translucent,  like  all  the  rest  of  the  tissues  of  the  embryo, 
and  appears  as  a  projection  of  the  mucous  membrane  of  the  alimentary 
tube,  with  which  it  is  in  proximity ;  but  as  yet  it  contains  no  cavity  (Rg. 
172,  a).     After  a  time,  the  surface  becomes  lobed  and  uneven,  and  a  hol- 
low is  formed  in  the  interior  by  a  depression  of  the  mucous  membrane 
into  its  substance  (b).     This  cavity  is  at  first  quite  simple,  like  the  aini- 
plest  biliary  follicle  among  the  Acrita ;  but,  as  the  exterior  becomes  lobed, 
the  cavity  sends  a  prolongation  lined  by  mucous  membrane  into  each 
division ;  and  thus  is  gradually  formed  the  complex  apparatus  of  ramifying 
tubes  and  cocca,  which  ultimately  presents  itself  (c).     It  appears,  however, 
that,  in  some  instances,  the  secondary  coeca  are  formed  before  their  com- 
munication with   the   primary  cavity,    and  that  they  gradually  connect 
themselves  with  it, — just  as  the  capillary  blood-vessels  are  formed  before 
the  main  trunks.     In  proportion  as  the  tubes  are  extended,  and  the  blood- 
vessels ramify  among  them,  the  original  plastic  substance  disappears,  or 
remains  as  vesicular  tissue  only,  connecting  the  lobules  (§  428).    And 
on  the  degree  of  proximity  of  the  lobules,  and  the  amount  of  this  con- 
necting tissue,  will  depend  the  final  solidity  of  the  structure.     At  Fig.  173 
is  seen  a  section  of  the  parotid  gland  in  the  embryo  of  the  sheep,  in  which 
its  very  simple  structure,  consisting  of  a  ramifying  cavity  hollowed  out  of 
the  plastic  mass,  is  well  exhibited,  and  may  be  contrasted  vnth  its  perma- 
nent form  seen  in  Fig.  166.      The  relative  size  and  degree  of  development 
of  the  different  glands  in  the  foetus,  bear  an  obvious  relation  to  the  con- 
ditions of  embryonic  life ;  thus,  the  liver  possesses  a  very  large  size,  occu- 
pying the  whole  of  the  abdomen,  since  it  is  then  the  principal  if  not  the 
only  organ  capable  of  decarbonising  the  blood. 

*  In  his  splendid  work  "  De  penitiori  structure  glandularum.'^ 
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CHAPTER  XII. 

EVOLUTION    OF    LIGHT,    HEAT,    AND    ELECTRICITY. 

Evohition  of  Light, — General  Considerations, 

541.  So  little  is  known  of  the  causes  or  purposes  of  that  evolution  of 
light,  which  is  no  unfrequent  occurrence  amongst  organised  heings,  of  the 
lower  classes  especially,  that  it  would  be  useless  to  speculate  upon  them. 
It  is  well,  however,  to  bring  together  the  principal  facts  relating  to  the 
phenomenon  itself,  and  to  the  conditions  of  its  occurrence. 

Evolution  of  Light  in  Vegetables, 

542.  It  has  been  asserted  that  many  flowers,  especially  those  of  an 
orange  colour,  such  as  the  Tropceolum    majiis  (Nasturtium),  Calendula 
officinalis  (Marigold),  Helianthus  annuus  (Sun-flower),  &c.,  disengage  hght 
in  serene  and  warm  summer  evenings,  sometimes  in  the  form  of  sparks, 
sometimes  in  a  more  feeble  and  uniform  manner ;  but  many  physiologists 
are  disposed  to  question  these  assertions,  from  their  not  having  been  them- 
selves able  to  witness  the  phenomena.     There  is  no  doubt,  however,  that 
light  is  emitted  by  many  Fungi,  especially  various  species  of  Bhizomorpha; 
and  in  some  instances  to  a  very  considerable  extent.     The  light  is  per- 
ceived in  all  parts  of  the  plant,  but  chiefly  in  the  young  white  shoots ;  and 
it  is  more  vivid  in  young  than  in  old  plants.     The  phosphorescence  is 
stronger  in  such  as  grow  in  the  moist  and  warm  localities  of  mines,  than  in 
those  inhabiting  dry  and  cold  situations.     It  ceases  if  the  plant  be  placed 
in  vacuo,   or  in  any  atmosphere  which  does  not  contain  oxygen;   but 
reappears  when  it  is  restored  to  the  air,  even  after  remaining  for  some 
hoars  in  vacuo  or  in  azote.     No  phosphorescence  is  perceived  after  the 
death  of  the  plant.     The  only  other  phenomenon  connected  with  vegetable 
phosphorescence  which  is  worth  notice,  is  one  stated  by  Martins, — ^that  the 
juice  of  the  Euphorbia  phosphorea,  a  BraziUan  plant,  emits  light,  especially 
when  heated.     Considering  that  in  all  the  circumstances  mentioned,  the 
combination  of  carbon  and  oxygen  is  taking  place  to  some  amount,  it  seems 
difficult  to  believe  that  there  is  not  some  connection  between  the  pheno- 
mena ;  but  no  speculation  can  yet  be  raised  on  the  subject,  with  any  prospect 
of  stability,  from  the  want  of  sufficient  facts  as  its  basis.     An  evolution  of 
light  has  frequently  been  observed  to  take  place  from  dead  and  decaying 
wood  of  various  kinds,  particularly  that  of  roots  ;  it  seems  connected  with 
the  conversion  of  oxygen  into  carbonic  acid,  but  is  not  increased  when  tlaa 
substance  is  placed  in  pure  oxygen.      Decomposing  Fungi,  also,  itec^ewXV^ 
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exhibit  luminosity ;  but  this  is  very  diflFerent  from  that  displayed  by  some 
of  the  same  tribe  during  their  living  state. 

Evolution  of  Light  in  Animals, 

543.  A  large  proportion  of  the  lower  classes  of  aquatic  Animals  pos- 
sess the  property  of  luminosity  in  a  greater  or  less  degree.     The  phospho- 
rescence of  the  sea  which  has  been  observed  in  every  zone,  but  more 
remarkably  between  the  tropics,  is  due  to  this  cause.     When  a  vessel 
ploughs  the  ocean  during  the  night,  the  waves, — especially  those  in  her 
wake,  or  those  which  have  beaten  against  her  sides, — exhibit  a  difFdsed 
lustre,  interspersed  here  and  there  by  stars  or  ribands  of  more  intense 
brilliance.     The  uniform  diffused  hght  is  partly  emitted  by  innumerable 
minute  animalcules,  which  abound  in  the  waters  of  the  surface  ;  and  these, 
if  taken  up  into  a  glass  vessel,  continue  to  exhibit  it,  especially  when  the 
fluid  is  agitated.     This  phosphorescence  continues  only  during  the  life  of 
the  animals ;  the  addition  of  a  httle  sulphuric  acid  to  the  water  causes 
them  to  emit  for  an  instant  a  very  briUiant  and  sudden  light,  which  then 
ceases,  in  consequence  of  their  death.     All  the  acalephjs  appear  to  be 
more  or  less  phosphorescent ;  but  those  of  tropical  seas  the  most  so.    The 
light  is  emitted,  particularly  round  the  tentacula,  during  the  movements  of 
the  animal;  and  it  seems  to  proceed  from  a  mucus  secreted  from  the 
surface,  which  may  continue  to  exhibit  the  same  property  for  a  time  when 
removed  from  it.     This  mucus,  which  has  a  very  acrid  character  when 
applied  to  the  human  skin,  communicates  to  it  a  phosphorescent  property ; 
and,  when  mixed  with  water  or  milk,  it  renders  these  fluids  luminous  for 
some  hours,  particularly  when  they  are  warmed  and  agitated.     From  this 
source  it  is  probable  that  the  difliised  phosphorescence  of  the  sea  is  partly 
derived  ;  whilst  the  brilliant  stars  and  ribands,  with  which  the  surface  is 
bespangled,  indicate  the  presence  of  the  larger  tenants  of  the  deep. 

544.  Similar  luminosity  is  possessed  by  many  of  the  marine  Annelida, 
as  the  Nereis ;  and  by  some  of  each  class  of  Mollusca.     Of  the  tuni- 
CATA,  a  very  large  proportion  are  luminous,  especially  those  which  float 
freely  through  the  ocean,  attached  to  each  other  in  clusters  of  various 
forms ;  such  are  the  numerous  species  of  Salpe,  and  the  PyrosomOy  abound- 
ing in  the  Mediterranean  and  other  warm  seas.     Among  the  testaceous 
Molluscs,  this  phenomenon  has  been  particularly  observed  in  the  Pholas; 
but  it  has  been  witnessed  also  in  some  pteropoda  and  cephalopoda. 
In  all  these  the  general  phenomena  are  analogous, — the  luminous  matter    I 
appearing  to  be  a  secretion  from  the  surface  of  the  animals,  which  com-    | 
municates  its  peculiar  property  to  water  or  solid  substances  that  conae  in 
contact  with  it.     The  light  disappears  in  vacuo,  but  reappears  in  air ;  it  is 
increased  by  moderate  heat,  and  gently  stimulating  fluids  ;  whilst  a  cold  ox 
boiliDg  temperature,  or  strong  stimulantSj  soon  extinguish  it.    It  continues 
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for  some  days  after  death,  but  ceases  at  the  commencement  of  putrefaction. 
Other  marine  animals  of  higher  classes  are  possessed  of  similar  properties ; 
thus,  many  Crustacea,  especiaUj  the  minuter  species,  are  known  to  emit 
hght  in  briUiant  jets.  The  same  power  has  been  attributed  to  fishes  ; 
but  it  is  not  improbable  that,  with  regard  to  these,  there  has  been  a  partial 
deception,  arising  from  the  excitement  given  by  their  movements  to  the 
sources  of  phosphorescence  in  the  surrounding  water.  Late  observations, 
however,  lead  to  the  beUef  that,  in  some  species  of  Fish,  there  is  an 
inherent  luminosity :  a  species  of  Scopeltts,  three  inches  long,  has  been 
seen  to  emit  a  brilliant  phosphorescent  light,  in  stars  or  spangles,  from 
various  parts  of  the  scaly  covering  of  the  body  and  head ;  and  this  con- 
tinued to  be  displayed  at  intervals  during  the  life  of  the  animal,  in  a  glass 
of  sea-water, — ceasing  entirely  with  its  death. 

545.  In  all  the  instances  hitherto  mentioned,  the  evolution  of  hght  proceeds 

from  the  general  surface  of  the  body,  and  sometimes  also  from  its  internal 

prolongations  (as  the  respiratory  tubes)  ;  in  the  cases  next  to  be  described, 

the  luminosity  is  concentrated  upon  some  particular  portion,  and  frequently 

in  minute  points.     This  occurs  in  many  species  of  the  class  insects  ;   the 

fight  emitted  by  which,  from  that  of  the  quiet  Glow-worm  of  temperate 

dimates,  to  the  more  startling  briUiancy  of  the  Fire-flies  of  warmer  regions, 

has  been  a  fruitfrd  theme  for  poets  and  philosophers  in  all  ages.      The 

luminous  insects  are  most  numerous  among  the  order  Coleoptera  (Beetle 

tribe)  ;  and  are  nearly  restricted  to  two  famihes,  the  Elateridce,  and  the 

LampyridiE,*     The  former  contains  about  30  luminous  species,  which  are 

aU  natives  of  the  warmer  parts  of  the  New  World.     The  Hght  of  these 

Fire-fiies  proceeds  from  two  minute  but  briUiant  points,  which  are  situated 

one  on  each  side  of  the  front  of  the  thorax  ;   and  there  is  another  beneath 

the  hinder  part  of  the  thorax,  which  is  only  seen  during  flight.     The  Ught 

proceeding  from  these  points  is  sufficiently  intense  to  allow  small  print  to  be 

read  in  the  profoundest  darkness,  if  the  insect  be  held  in  the  fingers  and 

moved  along  the  lines.     In  all  the  luminous  Insects  of  this  family,  the  two 

8ex6s  are  equally  phosphorescent.     The  family  Lampyridce  contains  about 

200  species  known  to  be  luminous  ;   the  greater  part  of  these  are  natives 

of  America,  whilst  others  are  widely  diflused  through  the  Old  World. 

These  last  are  known  as   Glow-worms    (Lampyris  noctiluca   and  Lam. 

tplendidula) ;  their  Hght  issues  from  the  under  surface  of  the  three  last 

abdominal  rings  ;  it  is  most  briUiant  in  the  female,  and  exists  in  a  feeble 

*  Of  the  reputed  luminous  power  of  the  Fulgora, — a  very  remarkable  genus  of  the 
(ffder  Homoptera^  of  which  one  species  inhabits  Guiana,  whilst  another  is  a  native  of 
China,— there  is,  to  say  the  least,  very  considerable  doubt.  The  authority  on  which  it  has 
been  asserted  is  a  very  questionable  one  ;  and  naturalists  who  have  themselves  carefully 
obBOTved  these  insects,  have  seen  no  traces  of  it.  There  may,  however,  be  some  ground 
for  the  statement ;  particularly  if,  as  it  has  been  suggested,  the  luminosity  be  exhibited 
by  one  sex  only,  and  during  only  a  portion  of  the  year. 
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degree  in  the  eggs,  larvse,  and  chrysalis.  The  luminons  matter,  which 
consists  of  little  granules,  is  contained  in  minute  sacs,  coTered  with  a 
transparent  homy  Ud.  These  sacs  are  mostly  composed  of  a  close  network 
of  finely-divided  tracheae ;  which  also  ramify  through  every  part  of  the 
granular  suhstance.  The  Ud  exhihits  a  numher  of  flattened  surfaces,  so 
contrived  as  to  diffuse  the  hght  in  the  most  advantageous  manner.  The 
conditions  under  which  their  phosphoresence  is  displayed,  resemble  those 
which  have  been  mentioned  in  the  last  section.  It  appears  to  be  occa- 
sioned by  the  secretion  of  a  product  possessing  a  luminous  property, 
which  is  dependent  for  its  continuance  upon  the  life  and  health  of  the 
animal ;  it  is  stimulated  by  anything  which  excites  the  vital  functions  of 
the  individual,  and  is  particularly  influenced  by  the  activity  of  the  respira- 
tory process.  If  the  opening  of  the  trachea  which  suppUes  the  luminous 
sac,  be  closed,  so  as  to  check  the  access  of  air  to  its  contents,  the  light 
ceases ;  but  if  the  sac  be  lifted  from  its  place,  without  injuring  the  trachea, 
the  Ught  is  not  interrupted.  In  all  active  movements  of  the  body,  in 
which  the  respiration  is  energetic,  the  light  is  proportionably  increased  in 
briUiancy. 

546.  Phosphorescence  is  a  rare  phenomenon  among  aerial  animals  of 
the  higher  classes.     An  emission  of  light  has  been  seen  from  the  egg  of 
the  grey  Lizard ;  and  it  has  been  stated  that  a  species  of  Frog  or  Toad 
inhabiting  Surinam  is  luminous,  especially  in  the  interior  of  its  mouth. 
Of  the  particular  objects  of  this  provision  in  the  Animal  economy,  Httle  is 
known,  and  much  has  been  conjectured.     It  is  generally  imagined,  that  it 
is  destined  to  enable  the  sexes  of  the  nocturnal  animals  (especially  Insects) 
to  seek  each  other  for  the  perpetuation  of  the  race  ;   and  this  hypothesis 
would  seem  to  derive  support  from  the  fact,  that  the  light  is  generally  most 
brilliant  at  the  season  of  the  exercise  of  the  reproductive  functions,  and  at 
that  period  exists  in  some  species  (such  as  the  Earth-worm)  which  do  not 
manifest  it  at  any  other.     Moreover  it  is  well  known  that  the  male  Glow- 
worm, which  ranges  the  air  (whilst  the  female,  being  destitute  of  wings,  is 
confined  to  the  earth),  is  attracted  by  any  luminous  object ;    so  that  the 
poetical  language  of  Dumeril,  who  regards  the  phosphorescence  of  the 
female  as  "  the  lamp  of  love — the  pharos — the  telegraph  of  the  night, 
which  scintillates  and  marks  in  the  silence  of  darkness  the  spot  appointed 
for  the  lovers'  rendezvous,"  would  not  seem  so  incorrect  as  the  ideas  of 
Poets  on  subjects  of  Natural  History  usually  are.     It  may  be  objected  on 
the  other  hand,  that  there  are  many  moths  and  beetles,  which  hare  a 
similar  tendency  to  fly  towards  the   hght,  and  among  which   no  phos- 
phorescence is  exhibited.     Some  of  these,  however,  are  faintly  luminous ; 
and  it  would  not  seem  improbable  that  the  insects  which  are  attracted  by 
flame,  and  thus  show  that  they  are  seeking  for  objects  which  emit  hght, 
may  be  cognisant  of  more  feeble  degrees  of  its  emission,  than  our  eyes  can 
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appreciate.*  Still  it  must  be  remembered  that  many  animals  are  phos- 
phorescent which  have  no  occasion  to  seek  each  other  with  this  object ; 
thus,  SpongeSy  Sertularus,  Penfiatuke,  and  other  polypifera,  exhibit  some 
degree  of  luminosity,  as  well  as  the  tribes  already  mentioned.  It  is  not  im- 
possible that  the  property  may  be  conferred  upon  them  (Hke  the  stinging 
power  possessed  by  some)  as  a  means  of  self-defence,  in  the  deficiency  of 
active  powers  of  locomotion,  or  of  dense  external  covering.  It  may  serve, 
too,  for  the  illumination  (however  faintly)  of  those  depths  of  the  ocean, 
which  are  known  to  be  tenanted  by  Fishes  and  other  marine  tribes,  but 
which  receive  no  appreciable  portion  of  solar  Ught. 

547.  An  evolution  of  light  during  the  incipient  decay  of  dead  animal 
matter,  is  by  no  means  of  uncommon  occurrence.  It  has  been  most 
frequently  observed  to  proceed  from  the  bodies  of  Fishes,  Mollusca, 
Medusse,  and  other  marine  tribes  ;  but  it  has  been  seen  also  to  be  evolved 
from  the  surface  of  terrestrial  animals,  and  even  of  man.  This  phospho- 
rescence ceases  immediately  on  the  commencement  of  fetid  putrefaction ; 
and  it  would  appear  to  proceed  from  the  formation  of  luminous  matter 
during  an  early  stage  of  decomposition,  by  some  of  those  primary  changes 
in  the  combination .  of  the  organic  elements,  which  immediately  succeed 
death.f 

Evolution  of  Heat, — General  Considerations, 

548.  As  it  is  a  part  of  the  pecuHar  character  of  Uving  organised  beings 

*  It  has  been  objected  that,  as  the  male  is  luminous,  and  also  the  larva  and  pupa,  the 
meeting  of  the  sexes  can  scarcely  be  the  object  of  the  provision.  But  this  difficulty  is 
easily  surmounted.  Mr.  Kirby  justly  remarks  that  '*  as  the  light  proceeds  from  a  pecu- 
liarly-oiganised  substance,  which  probably  must  be  in  part  elaborated  in  the  larva  and 
popa  states,  there  seems  nothing  inconsistent  with  the  fact  of  some  light  being  then  emit- 
ted, with  the  supposition  of  its  bei^  destined  solely  for  use  in  the  perfect  state.  And  the 
dicumstance  of  the  male  having  the  same  luminous  property  no  more  proves  that  the 
Bi^rior  brilliancy  of  the  female  is  not  intended  for  conducting  him  to  her,  than  the  exist- 
ence of  nipples  and  sometimes  of  milk  in  man  proves  that  the  breast  of  woman  is  not 
meant  for  the  support  of  her  offspring."  The  luminosity  of  the  Insect  in  all  these  states 
may  have  the  more  remote  purpose,  also,  of  making  its  presence  known  to  the  nocturnal 
birds,  &C.  which  are  destined,  in  the  economy  of  nature,  to  feed  upon  it.  The  larva  of 
the  Lam,  occidente^is  has  been  observed,  when  alarmed,  to  feign  death  and  extinguish 
its  light. 

+  May  not  this  feet  have  some  connection  with  the  extraordinary  phenomenon  of  spon- 
Umeous  oomhustion  ?  There  are  some  well-authenticated  instances,  in  which  the  combus- 
tion has  commenced  without  the  proximity  of  an  ignited  body  ;  and  the  author  has  seen 
a  ranarkable  case,  drawn  up  under  the  hand  of  the  subject  of  it  (a  highly  respectable 
deigyman),  and  shown  him  by  his  friend  Dr.  M.  Barry,  in  which  a  troublesome  sore, 
occasioned  by  the  combustion  of  phosphorus  on  the  hand,  twice  at  distant  intervals  emit- 
ted a  flame  which  burned  the  surrounding  parts.  It  was  particularly  stated  that  ignition 
could  not  have  been  effected  by  any  neighbouring  flame ;  and  that  the  combustion  could 
not  be  due  to  any  particles  of  phosphorus  remaining  in  the  wound. 
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to  resist  the  influence  of  a  variety  of  external  agents,  provided  that  these 
he  not  in  such  violent  operation  as  actually  to  check  the  vital  processes, 
it  is  obviously  necessary  that  they  should  be  endowed  with  the  means  of 
preserring  that  uniform  temperature,  which  is  most  favourable  to  the  per- 
formance of  their  various  actions.  We  have  already  considered  the  means 
by  which  the  influence  of  an  excessive  degree  of  external  heat  is  resisted 
(chap.  X.)  ;  we  have  now  to  enquire  into  those,  by  which  a  sufficient 
degree  of  warmth  is  preserved  in  the  living  system,  when  there  is  an 
absence  of  it  in  the  surrounding  medium.  It  is  well  known  that  almost 
all  chemical  changes  are  attended  with  some  disturbance  of  the  tempera- 
ture of  the  agents  concerned ;  and  it  may  not  unreasonably  be  surmised 
that,  of  those  which  are  so  constantly  occurring  in  the  living  system,  some 
may  be  connected  with  the  disengagement  of  the  heat  peculiar  to  it. 
Much  uncertainty  still  prevails  on  this  subject ;  but  there  can  be  little 
doubt  that  a  large  proportion  of  the  caloric  liberated  by  organised  beings, 
is  generated  by  the  combination  of  atmospheric  oxygen  with  the  carbon 
furnished  by  them,  to  form  the  carbonic  acid  which  they  are  constantly 
excreting ;  since  we  find  these  two  changes  everywhere  bearing  a  close 
relation  with  each  other.  The  particular  connection  between  them  will 
now  be  considered  in  some  detail. 

Evolution  of  Heat  in  Vegetables, 

549.  Much  dispute  has  occurred  at  different  periods,  as  to  whether 
Plants  could  be  considered  as  having  a  proper  heat  or  not ;  and  this  has 
resulted  from  the  limited  view  which  has  been  taken  of  the  processes  of 
the  Vegetable  Economy.  Although  the  excretion  of  carbonic  acid  is  con- 
stantly going  on,  under  the  conditions  formerly  described  (§  442),  it 
usually  takes  place  so  slowly,  and  from  a  surface  so  openly  exposed  to  the 
atmosphere,  that  it  could  scarcely  be  expected  that  there  should  be  any 
sensible  elevation  of  the  temperature  of  the  part  from  this  source, — espe- 
cially when  it  is  considered  that  a  constant  loss  of  heat  is  taking  place  by 
evaporation  :  and,  as  the  circulation  of  elaborated  sap  is  not  performed 
with  sufficient  rapidity  to  convey  caloric  set  free  in  one  part  to  distant 
portions  of  the  system,  a  general  maintenance  of  vital  warmth  would  be 
still  less  anticipated.  In  plants  of  small  or  moderate  size,  accordingly,  the 
temperature  is  found  to  vary  with  that  of  the  atmosphere ;  but  the  interior 
of  large  trunks  seems  to  maintain  a  more  uniform  degree,  being  colder  than 
the  atmosphere  in  summer,  and  warmer  in  winter.  This  fact  may  be  ac- 
counted for  on  two  different  groimds.  The  slow  conducting  power  of  the 
wood,  which  is  much  less  transversely  to  the  direction  of  its  fibre  than 
with  it,  would  prevent  the  interior  of  a  large  trunk  from  being  rapidly 
affected  by  changes  in  the  heat  of  the  external  air  ;  and  accordingly,  it  is 
found  that,  the  larger  the  trunk  on  which  the  observation  is  made,  the 
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greater  is  the  difference  Again,  some  motion  of  the  sap  takes  place  even 
in  winter  ;  and  as  the  earth,  at  a  few  feet  below  the  surface,  preserves  a 
very  uniform  temperature,  it  is  not  improbable  that  the  transmission  of 
fluid  derived  from  it  through  the  stem,  may  have  an  influence  on  the  state 
of  the  latter ; — a  supposition  which  is  countenanced  by  the  fact,  that  the 
temperature  of  the  interior  of  a  large  trunk,  and  that  of  the  soil  four  feet 
below  the  surface  (which  may  be  regarded  as  the  medium  depth  of  roots), 
bear  a  very  close  correspondence.  It  is  reasonable  to  suppose  that  both 
these  causes  may  be  in  operation. 

550.  By  recent  experiments,  however,  made  with  instruments  of  great  sus- 
ceptibility to  changes  of  temperature,  Dutrochet  has  ascertained  that  Plants 
do  possess  the  power  of  generating  heat  in  the  parts  in  which  the  most 
active  changes  are  taking  place.  In  order  to  obtain  unexceptionable  evi- 
dence to  this  effect,  it  was  necessary  to  exclude  the  influence  of  evaporation 
in  depressing  the  temperature.  This  was  effected  by  making  the  com- 
parison, not  between  the  temperature  of  the  plant  and  that  of  the 
surrounding  air,  but  between  similar  parts  in  a  hving  plftnt,  and  in  one 
recently  killed  by  immersion  in  hot  water,  which  would  be  (after  cooling) 
equally  susceptible  with  it  of  the  diminution  of  temperature  which  evapo- 
ration causes.  In  some  instances,  this  source  of  error  was  still  further 
guarded  against,  by  the  immersion  of  both  plants  in  an  atmosphere 
saturated  with  aqueous  vapour.  The  temperature  of  the  leaves  and  young 
shoots  was  ascertained,  in  preference  to  that  of  the  stem  ;  both  in  order  to 
avoid  the  source  of  fallacy  mentioned  in  the  last  section,  and  because  in 
them  the  most  proper  heat  might  be  expected.  With  these  precautions 
the  result  was  constantly  the  same.  An  elevation  of  temperature,  some- 
times to  the  amount  of  nearly  a  degree  (Fahr.),  was  observed  in  the 
herbaceous  parts  of  actively-growing  plants ;  differing  with  the  species, 
the  energy  of  vegetation,  and  the  time  of  the  day.  The  highest  tem- 
perature is  observed  about  noon ;  it  increases  previously,  and  afterwards 
diminishes.  This  diurnal  change  is  partly  influenced  by  that  of  the  light 
to  which  the  plant  is  exposed.* 

551.  It  is,  however,  when  the  processes  of  vegetation  give  rise  to  an 
extraordinary  liberation  of  carbonic  acid,  that  the  evolution  of  heat  be- 
comes manifest.  This  is  the  case  during  germination,  when  the  elevation 
of  temperature,  scarcely  manifested  by  a  single  seed,  becomes  evident  if  a 
number  are  brought  together,  as  in  the  process  of  malting,  in  which  the 
thermometer  has  been  seen  to  rise  to  110°.  The  same  may  be  said  of  the 
other  period  of  vegetable  growth,  in  which  the  function  of  respiration  is 
carried  on  to  a  remarkable  extent — that  of  flowering.  From  the  large 
surface  exposed,  it  is  evident  that,  in  by  far  the  greater  number  of 
instances,  the  heat  will  be  carried  off  by  the  atmosphere  the  instant  it 
is  developed ;   nevertheless  the  flowers  of  a  Cistus  showed  a  temperature 

*  Ann.  des  Sci.  Nat.  N.  S.  torn.  xu. 
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of  79**  whflst  the  air  was  at  7&^y  and  those  of  a  Greranium  87®  when  the  air 
was  at  81<^.     It  is  in  plants  of  the  Arum  tribe,  however,  where  flowers  are 
collected  in  great  numbers  within  cases  which  act  as  non-conductors,  that 
the  elevation  of  temperature  becomes  most  appreciable ;   and  it  bears  a 
definite  relation  with  the  quantity  of  oxygen  converted  into  carbonic  acid 
(§  448).     Thus,  a  thermometer  placed  in  the  centre  of  five  spadixes  of  the 
Arum  Cordifolium  has  been  seen  to  rise  to  111®,  and  in  the  centre  of  twelve 
to  121° — ^while  the  temperature  of  the  external  air  was  only  66® ;   but  the 
heat  was  wholly  destroyed,  by  preventing  the  spadix  from  coining  in  con- 
tact with  the  air.     The  truth  of  statements  of  this  sort,  which  have  been 
questioned  by  many  physiologists,  has  been  placed  beyond  all  doubt  by  the 
observations  of  Adolphe  Brongniart.     He  found  that,  at  the  first  opening 
of  the  spathe  of  Colocasia  odor  a,  the  temperature  of  the  spadix  was  S'\^ 
above  that  of  the  surrounding  air ;  that  this  increased  during  the  next  day 
to  18® ;   and,  during  the  emission  of  the  pollen  on  the  three  succeeding 
days,  to  20® ;   after  which  it  began  to  diminish  with  the  fading  of  the 
flower.     More  recently  these  observations  have  been  confirmed  by  MM. 
VroUk  and  Vriese ;  who  have  added  to  them  some  important  facts.     The 
rise  of  the  temperature  was  found  to  be  more  rapid  and  considerable,  when 
a  spadix  was  placed  in  Oxygen,  than  in  one  at  a  corresponding  stage  sur- 
rounded by  common  air  ;  and  a  larger  proportion  of  carbonic  acid  gas  was 
evolved.     On  the  other  hand,  when  a  spadix,  of  which  the  flowers  had 
already  begun  to  expand,  and  the  temperature  to  rise,  was  placed  in 
nitrogen,  the  temperature  sank,   and  exhibited  no  elevation  during  the 
emission  of  the  pollen  ;   nor  was  any  carbonic  acid  evolved.* 

Evolution  of  Heat  in  Animals, 

.552.  Although  we  find  many  instances  in  the  Animal  kingdom,  iu 
which  the  capability  of  maintaining  an  elevated  and  uniform  temperature 
is  exhibited  in  a  degree  to  which  nothing  comparable  exists  in  plants,  yet 
this  is  by  no  means  a  constant  function  of  animal  any  more  than  of 
vegetable  organisms.  It  would  indeed  appear  that,  as  far  as  the  iunctions 
of  organic  life  are  concerned,  the  regular  performance  of  them  is  quite 
compatible  (under  certain  limits)  with  a  degree  of  heat  almost  entirely 
dependent  upon  that  of  the  external  medium.  Accordingly  we  find  in 
the  lower  tribes  of  Animals,  in  which  the  power  of  locomotion  is  but 
feeble,  and  the  supply  of  the  wants  of  the  system  not  immediately  de- 
pendent upon  it,  that  very  Uttle  more  heat  is  generated  than  in  plants. 
But  wherever  a  high  degree  of  muscular  energy  is  required,  in  connection 
with  a  general  activity  of  the  functions  of  the  nervous  system,  the  evolu- 
tion of  caloric  to  a  remarkable  extent  is  provided  for  in  the  nutritive 

*  Op.  cit.  torn.  XI. 
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processes.  We  may  regard  it,  therefore,  as  in  its  degree  essentially  con- 
nected with  the  development  of  the  animal  powers  relatively  to  the  system 
of  organic  life ;  although  really  dependent,  as  it  would  appear,  upon  the 
changes  occurring  in  the  latter.  It  is  worthy  of  notice  that,  although  the 
temperature  of  the  various  parts  of  the  Animal  hody  is  usually  much  more 
uniform  than  that  of  the  different  organs  in  Yegetahles,  (owing  to  the 
comparative  rapidity  with  which  the  general  circulation  of  the  former 
diffuses  the  heat  evolved  in  any  one  part,  and  thus  tends  to  equalize  the 
whole,)  wherever  processes  are  going  on  which  call  the  nutritive  functions 
into  extraordinary  activity,  there  a  corresponding  elevation  of  temperature 
occurs.  Thus,  a  slightly  increased  evolution  of  heat  from  the  stomach  has 
been  observed  during  the  determination  of  blood  to  its  capillaries,  which 
takes  place  during  digestion ;  the  same  is  observable  in  the  reproductive 
organs  of  those  animals  in  which  the  aptitude  for  the  Amotion  is  periodic 
only ;  the  temperature  of  a  muscle  (as  ascertained  by  MM.  Becquerel  and 
Breschet)  rises  a  degree  or  more  during  its  contraction ;  and  that  of  the 
uterus  during  the  parturient  efforts  has  been  stated  (by  Dr.  Granville)  to 
be  occasionally  22^  above  the  natural  standard,  and  to  vary  with  the  force 
of  its  contractions. 

553.   Our  knowledge  of  the  heat  evolved  by  the  lower  Invertebrata 
is  very  limited.     The  Infusoria  have  recently  been  observed  to  possess  a 
certain  degree  of  power  of  resisting  cold.    When  the  water  containing  them 
is  frozen,  they  are  not  at  once  destroyed ;   but  each  Uves  for  a  time  in  a 
small  uncongealed  space,  where  the  fluid  seems  to  be  kept  from  freezing 
by  the  caloric  Uberated  from  the  animalcule.     What  is  known  in  regard  to 
other  classes  is  principally  derived  from  the  experiments  of  John  Hunter. 
He  found  that  a  thermometer,  introduced  in  the  midst  of  several  Earth- 
worms,  stood  at  58^®  when  the  temperature  of  the  external  air  was  57® ; 
and  in  another  instance,  when  the  atmosphere  was  at  55®  the  worms  were 
at  57^'     The  amount  of  heat  manifested  by  Leeches  appeared  to  be  nearly 
the  same,  viz.  from  one  to  two  degrees  above  that  of  the  atmosphere.     Of 
the  MOLLTJSCA,  nearly  the  same  may  be  said.     Hunter  found  that  black 
slugs  (Limax  ater)  exhibited  a  temperature  of  55^°  when  that  of  the 
atmosphere  was  54® ;   and  the   garden  snail  (Helix  pomatia)  has  been 
observed  by  others  to  evolve  about  the  same  amount  of  heat.     Further 
experiments,  however,  are  desirable  for  the  purpose  of  ascertaining  whe- 
ther the  power  of  generating  caloric  varies  in  such  animals  with  different 
degrees  of  external  temperature  ;    or  whether  the  heat  of  their  bodies 
always  bears  the  same  close  relation  with  that  of  the  mediimi  in  which 
they  exist.      The  experiments  of  Hunter  furnish  the  only  information 
on  this   subject  which   we  possess.      He   put   several   leeches   into   a 
bottle  which  was  immersed  in  a  freezing  mixture,  and,  the  ball  of  the 
thermometer  being  placed  in  the  midst  of  them,  the  quicksilver  sunk  to 
310 ;  by  continuing  the  immersion  for  a  sufficient  lengtli  o^  tim^  to  ^fe'&\?cc$^ 
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life,  the  quicksilyer  rose  to  32^,  and  then  the  leeches  froze.  A  similar 
result  was  obtained  with  a  snail.  It  would  appear,  therefore,  that  these 
animals  have  the  power  of  resisting,  for  a  time,  the  physical  effects  of 
cold  ;  but  how  far  this  resistance  is  due  to  the  power  of  generating  heat, 
or  to  the  causes  arising  from  their  structure  (as  in  Vegetables  §  549)  cannot 
be  determined  without  further  enquiries.  The  simple  maintenance  of  a 
temperature  equal  to  that  of  the  atmosphere,  by  an  animal  whose  body  has 
a  soft  surface  exposed  to  the  air,  implies  a  certain  degree  of  power  of  gene- 
rating caloric ;  since  that  surface  (as  in  plants)  is  constantly  being  cooled 
by  the  evaporation  of  its  moisture. 

554.  In  many  Yertebrated  animals,  the  heat  of  the  body  is  almost 
equally  dependent  upon  that  of  the  surrounding  medium.  Thus,  fishes  in 
general  do  not  seem  capable  of  maintaining  a  temperature  more  than  two 
or  three  degrees  higher  than  that  of  the  water  in  which  they  live.  There 
are,  however,  some  remarkable  exceptions ;  for  Dr.  J.  Davy  found  that 
certain  salt-water  fishes,  as  the  bonito  and  thunny,  whose  gills  are  supplied 
with  nerves  of  unusual  magnitude,  and  which  have  also  a  very  powerful 
heart,  and  a  quantity  of  red  blood  sufficient  to  give  the  muscles  a  dark  red 
colour,  manifest  a  degree  of  temperature  much  higher  than  that  of  the 
white  fishes  of  fresh-water  on  which  Hunter  experimented.  Thus,  Dr.  D. 
observed  in  the  bonito  a  temperature  of  99^,  whilst  that  of  the  sea  was  but 
80^®.  Although  the  conditions  of  existence  in  Vertebrata,  in  which  the 
animal  powers  are  developed  to  their  greatest  extent,  might  have  seemed  to 
require  a  greater  power  of  generating  heat  than  Fishes  usually  possess,  it 
is  to  be  remembered  that  this  class  is  less  liable  to  suffer  from  alternations 
of  temperature  connected  with  the  seasons,  than  those  which  inhabit  the 
air.  In  climates  subject  to  the  greatest  atmospheric  changes,  the  heat  of 
the  sea  is  comparatively  uniform  through  the  year,  and  that  of  deep  lakes 
and  rivers  is  but  Uttle  altered.  Many  have  the  power  of  migrating  from 
situations  where  they  might  otherwise  suffer  from  cold,  into  deep  waters ; 
and  it  is  an  unquestionable  fact,  that  the  species  which  are  confined  to 
shallow  lakes  and  ponds,  and  which  are  thus  liable  to  be  frozen  during  the 
winter,  are  frequently  endowed  with  tenacity  of  life  sufficient  to  enable 
them  to  recover  after  a  process  which  is  fatal  to  animals  much  lower  in  the 
scale.  Fishes  are  occasionally  found  imbedded  in  the  ice  of  Arctic  Seas ; 
and  some  of  these  have  been  known  to  revive  when  thawed.     (See  §  214.) 

555.  In  REPTILES  the  power  of  maintaining  an  uniform  temperature  is 
somewhat  greater.  We  not  only  observe  an  increased  capability  of  gene- 
rating caloric,  but  also  a  peculiar  means  of  resisting  the  influence  of  a  too 
elevated  degree  of  external  heat  (§  504).  In  all  cases,  however,  the  tem- 
perature of  their  bodies  is  greatly  dependent  upon  that  of  the  medium 
which  they  inhabit ;  but  in  proportion  to  the  depression  of  the  latter,  do 
they  seem  endowed  with  the  power  of  maintaining  their  own  above  it. 
Thus,  when  the  air  was  at  68°,  a  Proteus  manifested  the  same  degree  ai 
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heat ;  but  when  the  air  was  lowered  to  55®,  the  temperature  of  the  animal 
was  65^.  In  the  same  manner,  it  appeared  that  the  edible  frog  (Rana 
esculenta)  possessed  a  temperature  of  72^®,  when  examined  in  an  atmos- 
phere of  68^;  and  that  in  water  of  2F,  the  animal  maintained  a  heat  of 
3/^®.  The  Chelonia  do  not  seem  endowed  with  the  power  of  evolving 
heat  to  the  same  degree  with  the  Saurian  and  Ophidian  reptiles.  In 
some  of  the  more  agile  of  the  Lizard  tribes,  the  high  temperature  of 
86®  has  been  noticed,  when  that  of  the  external  air  was  but  71®.  In  all 
experiments  on  the  influence  of  change  of  temperature  on  such  animals,  it 
is  necessary  to  guard  against  the  fallacy  arising  from  the  slowness  (result- 
ing from  their  non-conducting  power)  with  which  their  bodies  acquire  the 
altered  heat  of  the  medium,  whether  it  be  increased  or  diminished.  By 
attending  to  this  precaution,  it  has  been  shown  that  many  of  the  state- 
ments which  have  been  made  regarding  their  power  of  modifying  their 
temperature  are  hable  to  exception ;  but  it  cannot  be  questioned  that 
Reptiles  have  some  capability  of  generating  heat,  which  is  called  into 
action  in  resisting  the  depressing  influence  of  cold.  This  is  unequivocally 
proved  by  the  fiict,  that  firogs  will  remain  ahve  in  water  which  is  frozen 
around  them  (even  when  the  thermometer  has  fallen  to  9®),  the  water 
in  contact  with  the  body  remaining  fluid,  and  the  temperature  of  the  body 
being  a3<». 

556.  The  classes  of  animals,  which  are  especially  endowed  with  the 
power  of  producing  and  maintaining  heat,  are  Insects,  Birds  and  Mam- 
maEa.  The  temperature  of  insects  has  been  very  ably  investigated 
by  Mr.  Newport ;  and  from  his  recent  communication  on  the  subject  to 
the  Royal  Society*  the  following  facts  are  selected.  In  the  Larva  con- 
dition the  temperature  of  the  animal  corresponds  much  more  closely  with 
that  of  the  atmosphere,  than  in  the  perfect  state ;  thus,  the  larva  of  the 
higher  species  of  Hymenoptera  (Humble-bees,  &c.)  is  usually  from  2®  to 
4*  above  the  surrounding  medium,  whilst  the  perfect  Insect  has  a  range 
of  from  3®  to  10®,  or  even  more  ;  and  the  Caterpillar  of  the  Lepidoptera 
(Butterfly  tribe)  is  seldom  more  than  from  |^®  to  2®  warmer  than  the 
atmosphere  (the  amount  varying  in  close  relation  with  the  activity  of  the 
individual)  ;  whilst  the  perfect  insect  is,  when  much  excited,  5®  or  9® 
above  it.  It  is  probable  that  in  those  tribes,  in  which  no  complete  meta- 
morphosis exists,  but  in  which  the  difierence  between  the  development  of 
the  larva  and  that  of  the  perfect  insect  is  but  trifling,  there  is  not  the 
same  variation  with  regard  to  the  production  of  heat.  The  Pupa  state 
being,  in  all  insects  which  undergo  a  complete  metamorphosis,  a  condition 
of  absolute  rest,  the  temperature  of  the  individual  is  in  general  lower  than 
at  any  previous  or  subsequent  period  of  its  existence  ;  and  it  is  only  equal 
to,  or  at  most  very  little  above,  that  of  the  surrounding  medium.  But,  in 
those  species  which,  not  undergoing  a  complete  metamorphosis,  continue 
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active  during  the  whole  of  life,  this  diminution  of  the  power  of  maintaining 
heat  probably  does  not  occur.  Within  a  short  period  after  the  first 
change,  however,  the  Pupa  often  retains  some  of  the  characteristics  of  the 
larva  state,  and  exhibits  a  temperature  somewhat  elevated ;  and  if  it  be  at 
any  time  excited  to  motion,  a  slight  degree  of  heat  is  manifested.  The 
pupa  appears  to  follow  variations  in  atmospheric  temperature  more  rapidly 
than  the  larva ;  and  as  an  elevation  of  temperature  becomes  necessary 
towards  the  epoch  when  the  final  metamorphosis  is  to  take  place,  means 
are  provided  for  it.  In  the  Lepidoptera  the  Chrysalis  has  itself  the  power 
of  generating  heat,  at  the  period  when  its  energies  are  aroused,  and  it  is 
about  to  burst  forth  from  its  silky  envelope  ;  whilst  in  the  Hymenoptera  it 
is  most  curious  to  observe  an  artificial  warmth  communicated  to  the  pupae, 
by  an  increased  evolution  of  heat  from  the  bodies  of  the  perfect  insects 
which  crowd  over  their  cells  (§  559). 

557.  The  increase  in  the  power  of  generating  heat  which  is  character- 
istic of  the  Imago  or  perfect  Insect,  is  not  manifested  immediately  on  its 
emersion  from  the  pupa  state;  in  fact  at  that  period,  when  the  body  is  soft 
and  delicate,  and  the  unexpanded  wings  hang  uselessly  from  its  sides,  it 
parts  with  its  heat  with  great  rapidity.  It  is  not  until  its  active  respiratoiy 
movements  have  commenced,  and  the  whole  system  has  been  stimulated 
by  the  exercise  of  its  locomotive  powers,  that  the  evolution  of  heat  takes 
place  to  any  remarkable  extent ;  and  whether  these  processes  be  delayed 
or  hastened  by  the  influence  of  external  circumstances,  the  elevation  of 
the  temperature  of  the  individual  is  still  proportional  to  them.  Thus,  a 
specimen  of  the  Sphinx  ligustri  which  had  only  left  the  pupa  state  about 
an  hour  and  a  quarter,  had  a  temperature  of  but  4^  above  the  atmosphere ; 
whilst,  at  the  expiration  of  two  hours  and  a  quarter,  when  it  had  become 
strong  and  had  just  taken  its  first  flight,  it  had  a  temperature  of  5*2° ;  and 
another  specimen,  which  had  been  longer  exerting  itself  in  rapid  flight,  was 
as  much  as  9°  warmer  than  the  surrounding  air.  In  the  states  of  absti- 
nence, inactivity,  sleep,  and  hybernation,  the  evolution  of  heat  is  checked ; 
and  the  temperature  of  the  perfect  insect  may  fall  very  nearly  to  that  of 
the  atmosphere.  By  inordinate  excitement,  on  the  other  hand,  a  very 
rapid  evolution  of  heat  may  be  produced.  Thus,  a  single  individual  of 
Bombus  terrestris  (Humble-bee)  enclosed  in  a  phial  of  the  capacity  of  three 
cubic  inches,  had  its  temperature  gradually  raised,  by  violent  excitement, 
from  that  of  rest  (2°  or  3°  above  that  of  the  atmosphere)  to  9®  above  that 
of  the  external  air,  and  had  communicated  to  the  air  within  the  phial  as 
much  as  4°  of  heat  within  five  minutes.  In  an  experiment  upon  another 
species,  Bombus  Jonella,  the  temperature  of  the  air  within  the  phial  was 
raised  by  the  motion  of  the  insect,  during  six  or  eight  minutes,  as  much  as 
5*8^  above  that  of  the  atmosphere ;  but  when  the  bulb  was  held  near 
enough  to  the  insect  to  touch  the  tips  of  its  wings,  the  mercury  sunk  2*2o. 
This  observation,  which  was  repeated  several  times  with  the  same  results 
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shows  that  the  vibration  of  the  wings  tends  to  cool  the  body  of  the  insect 
during  its  flight. 

558.    Of  the  temperature  of  different  tribes  of  perfect  Insects,  Mr. 
Newport  remarks ; — "  Our  previous  observations  lead  us  to  anticipate  the 
fact,  that  the  volant  insects  in  their  perfect  state  have  the  highest  tem- 
perature, while  on  pursuing  the  enquiry  it  is  found  that  those  species 
which  have  the  lowest  temperature  are  located  on  the  earth.     Among  the 
volant  insects,  those  Hymenopterous  and  Lepidopterous  species  have  the 
highest  temperature,  which  pass  nearly  the  whole  of  their  active  condition 
on  the  wing  in  the  open  atmosphere  ;   either  busily  engaged  in  the  face  of 
day,  despoiling  the  blossoms  of  their  honied  treasures,  or  flitting  wantonly 
from  flower  to  flower,  and  breathing  the  largest  amount  of  atmospheric 
influence.     Of  these  the  Hive-bee  with  its  long  train  of  near  and  distant 
affinities,  and  the  elegant  and  sportive  Butterflies,  have  the  highest.    Next 
to  these  are  probably  their  predatory  enemies  the  Hornets  and  Wasps, 
and  others  of  the  same  order ;   and  lastly  a  tribe  of  insects  which  have 
always  attracted  attention,  and  in  general  are  located  upon  the  ground, 
but  sometimes  enjoy  the  volant  condition — the  Ants,  the  temperature  of 
whose  dwelling  has  been  found  to  be  considerably  above  that  of  the 
atmosphere.      Next  below  the  diurnal  insects,  are  the  crepuscular,  the 
highest  of  which  are  the  Sphinges  and  Moths,    and  almost  equal  with 
them  are  the  MelolontJue  (Chaffer  tribe)."     In  some  of  the  Coleoptera 
(Beetle  tribe)  the  amount  of  heat  is  found  to  approach  very  nearly  to 
that  in  Hymenoptera  ;  in  both  of  these  tribes  the  organs  of  respiration 
are  of  large  extent,  and  the  quantity  and  activity  of  aeration  considerable. 
On  the  other  hand,  the  inferior  temperature  of  crepuscular  Insects  to  that 
of  diurnal  species  of  the  same  orders  is  associated  with  a  lower  degree  of 
respiration.     Nearly  all  the  Hymenoptera  are  diurnal,  and  bear  the  priva- 
tion of  atmospheric  air  with  greater  difficulty  than  many  other  tribes. 
Further  it  would  appear  that  some  of  the  volant  Coleoptera  have,  even  in 
a  quiescent  state^  a  higher  temperature  than  som^  of  the  terrestrial  Coleop- 
tera in  a  state  of  moderate  activity,  the  difference  being  much  increased  in 
the  active  condition  of  the  former. 

559.  It  is  among  the  Insects  which  Uve  in  societies,  however,  (nearly  all 
of  them  belonging  to  the  order  of  Hymenoptera)  that  the  greatest  evolution 
of  heat  is  manifested.  Mr.  Newport's  observations  were  made  principally 
upon  the  Bombus  terrestris  (Humble-bee)  and  Apis  mellifica  (Hive-bee). 
A  single  individual  of  the  former  species  frequently,  when  moderately 
excited,  has  a  temperature  9®  above  that  of  the  atmosphere ;  but  that  of 
the  nest,  examined  in  its  natural  situation,  was  from  14®  to  160  above 
that  of  the  atmosphere,  and  from  17®  to  19®  above  that  of  the  chalk  bank 
in  which  it  was  formed.  But  the  generation  of  heat  is  increased  to  a  most 
extraordinary  degree,  at  the  period  when  the  nymphs  (pupae)  are  about  to 
come  forth  from  their  cells,  and  consequently  require  a  Ynj^et  \««i^€t^\>axfe. 
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This  is  furnished  by  the  individuals  denominated  by  Huber  Nurse-hea, 
and  of  these  Mr.  Newport  gives  the   following  interesting   account:— 
"  These  individuals  are  chiefly  young  female  bees ;   and,  at  the  period  of 
hatching  of  nymphs,  they  seem  to  be  occupied  almost  solely  in  increasing 
the  heat  of  the  nest,  and  communicating  warmth  to  the  cells  by  crowding 
upon  them  and  clinging  to  them  very  closely,  during  which  time  they 
respire  very  rapidly,  and  evidently  are  much  excited.     These  bees  begin  to 
crowd  upon  the  cells  of  the  nymphs,  about  ten  or  twelve  hours  before  the 
nymph  makes  its  appearance  as  a  perfect  bee.    The  incubation  during  this 
period  is  very  assiduously  persevered  in  by  the  nurse-bee,  who  scarcely 
leaves  the  cell  for  a  single  minute ;   when  one  bee  has  left,  another  in 
general  takes  its  place :   previously  to  this  period  the  incubation  on  tbe 
cell  is  performed  only  occasionally,  but  becomes  more  constantly  attended 
to  nearer  the  hour  of  the  development.     The  manner  in  which  the  nurse- 
bee  performs  its  office  is  by  fixing  itself  upon  the  cell  of  the  nymph,  and 
beginning  to  respire  very  gradually ;   in  a  short  time  its  respiration  be- 
comes more  and  more  frequent,  until  it  sometimes  respires  at  the  rate  of 
130  or  140  per  minute."     In  one  instance,  the  thermometer  introduced 
among  seven  nursing-bees  stood  at  92^®,  whilst  the  temperature  of  the 
external  air  was  but  70®.     The  greatest  amount  of  heat  is  generated  by 
the  nurse-bees  just  before  the  young  bees  are  liberated  from  the  combs,  at 
which  period  they  require  the  highest  temperature.     It  is  just  after  its 
emersion  that  the  young  insect  is  most  susceptible  of  cold  ;   it  is  then  ex- 
ceedingly sleek,  soft,  and  covered  with  moisture  ;   it  perspires  profusely, 
and  is  highly  sensitive  of  the  slightest  current  of  air.     It  crowds  eagerly 
among  the  combs  and  among  the  other  bees,  and  everywhere  that  warmth 
is  to  be  obtained.     It  is  not  until  after  some  hours  that  it  becomes  inde- 
pendent of  external  warmth.      It  is  interesting  to  remark  that  these  bees 
do  not  incubate  on  cells  that  contain  only  larvse ;   the  temperature  of  the 
atmosphere  of  the  nest  being  sufficiently  high  for  the  young  in  that  condi- 
tion, as  well  as  to  perfect  their  change  into  the  pupa  state. 

560.  Similar  observations  have  been  made  by  Mr.  Newport  upon  the 
temperature  of  the  Hive-bees  ;   and  he  has  shown  that  the  fallacy  of  the 
statements  of  other  experimenters,  as  to  the  degree  of  heat  maintained 
by  them  during  the  winter,  is  caused  by  the  rapidity  with  which,  when 
aroused,  they  can  generate  caloric.     The  temperature  of  individual  bees 
in  a  state  of  moderate  excitement,  is  usually  from  10®  to  15°  above  that 
of  the  atmosphere  ;   but  it  is  greatly  increased  about  the  swarming  season 
when  incubation  of  the  pupae  is  going  on,  and  also  when  clusters  are 
formed  round  the  entrance  of  the  hive.     At  such  times  Mr.  N.  has  seen 
the  thermometer  raised  as  high  as  96®  or  98®,  when  the  range  of  atmos- 
pheric temperature  was  only  between  56®  and  58®.     The  mean  temperature 
of  a  hive  during  May  was  90®,  that  of  the  atmosphere  being  60® ;   whilst, 
in  Sej)teniber,  the  mean  of  the  atmosphere  being  also  60®,  that  of  the  hive 
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was  only  66^^,  During  the  winter,  it  now  appears  that  bees,  like  other 
insects,  exist  in  a  state  of  hybernation  ;  though  their  torpidity  is  never  so 
profound,  as  to  prevent  their  being  aroused  by  moderate  excitement.  The 
temperature  of  the  hive  is  usually  from  5°  to  20®  above  that  of  the  atmo- 
sphere ;  but  it  is  sometimes  depressed  even  below  the  freezing  point.  It  is 
when  artificially  excited  in  a  low  temperature,  that  their  power  of  generat- 
ing Caloric  becomes  most  evident.  Mr.  N.  mentions  one  instance  in  which 
the  temperature  of  a  hive,  of  which  the  inmates  were  aroused  by  tapping  on 
its  exterior,  was  raised  to  102®  ;  whilst  a  thermometer  in  the  air  stood  at 
34^®,  and  the  temperature  of  a  similar  hive  which  had  not  been  disturbed 
was  only  48^®. 

561.  All  Insects  appear  to  have,  in  greater  or  less  degree,  the  power  of 
moderating  the  heat  of  the  body  when  too  great,  by  transpiration  from  its 
surface  (§  503).  But  Hive-bees  have  a  peculiar  means  of  depressing  the 
heat  of  their  residence,  when  excessive,  by  a  process  of  ventilation.  A 
number  of  them  take  their  stand  in  the  neighbourhood  of  the  entrance, 
and,  by  the  rapid  agitation  of  their  wings,  drive  a  current  of  cool  air 
through  the  hive.  This  may  be  witnessed  not  only  in  simimer,  when  the 
temperature  of  the  atmosphere  is  high,  but  on  occasions  when,  the  exter- 
nal air  being  cool,  the  hive  has  been  heated  by  artificial  excitement.  In 
r^ard  to  the  degree  of  heat  they  are  capable  of  generating,  therefore,  it 
appears  that  Insects  may  be  ranked  between  cold  and  warm-blooded  ani- 
mals. Like  the  former,  they  are  much  influenced  by  external  temperature; 
although  the  higher  species  are,  when  in  a  state  of  moderate  exercise,  rela- 
tively warmer  than  the  least  cold-blooded  among  the  Reptiles.  The  degree 
of  heat  they  are  occasumally  capable  of  evolving  is  nearly  equal  to  that 
generated  by  Mammalia ;  but  this  is  only  required  for  the  performance  of 
particular  Amctions,  and,  if  constantly  maintained  in  Insects,  would  have 
occasioned  an  unnecessary  activity  in  the  processes  on  which  it  is  immedi- 
ately dependent,  and,  by  consequence,  in  the  whole  of  the  nutritive  system. 
In  Birds  and  Mammalia,  however, — ^where,  from  the  high  development  of 
the  animal  powers,  the  constant  maintenance  of  an  elevated  temperature  is 
necessary, — ^all  the  functions  are  adapted  to  its  support ;  and  in  them  we 
no  longer  find  any  dependence  upon  the  state  of  the  external  medium,  the 
calorific  and  frigorific  processes  being  so  dehcately  adjusted,  as  to  render  the 
heat  of  the  system  extremely  uniform. 

562.  The  temperature  of  birds  is,  almost  without  exception,  higher 
than  that  of  the  Mammalia,  varjring  from  100®  to  1 1 IJ".  The  first  is  that 
of  the  Gully  the  last  that  of  the  Swallow,  In  general,  the  same  statement 
may  be  appHed  to  Birds,  as  has  been  made  with  respect  to  Insects, — that 
the  temperature  is  greatest  in  the  species  of  most  rapid  and  powerful  flight, 
(which  in  both  cases  are  those  of  medium  size),  and  least  in  those  which 
principally  inhabit  the  earth,  as  the  Fowl  tribe.  Birds  that  inhabit  the 
waters  have,  in  the  thick  and  soft  down  with  which  they  axe  do\Xi'fc^,  «sl^ 
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which  is  rendered  impervious  to  fluid  by  the  oily  secretion  applied  with  the 
bill,  a  special  provision  for  retaining  within  their  bodies  the  heat  wliich 
would  otherwise  be  too  rapidly  conducted  away.  The  temperature  of  the 
MAMMALIA  sccms  to  range  from  about  96®  to  104° ;  but  more  accurate 
observations  are  still  required  for  the  sake  of  comparison.  That  of  the 
Cetacea  (Whale  tribe)  does  not  seem  to  be  inferior  to  that  of  other  orders ; 
and,  to  retain  it  within  the  body,  the  skin  is  enormously  thickened  and 
penetrated  with  oil  (so  as  to  form  the  substance  known  as  blubber),  by 
which  the  conducting  power  of  the  medium  they  inhabit  is  prevented  from 
operating  too  energetically  and  injuriously.  The  heat  of  different  parts  of 
the  body  varies  a  good  deal  according  to  the  degree  of  surface  exposed  ; 
and  it  seems  greater  among  the  viscera,  than  in  any  situation  ever  exposed 
to  the  air.  Thus,  the  temperature  of  the  human  body  is  usually  stated  at 
98°,  from  the  height  of  thermometers  placed  in  the  mouth,  armpits,  &c. ; 
but  that  of  the  stomach,  according  to  Dr.  Beaumont,  is  generally  100";  and 
that  of  the  blood  from  100^'  to  101^^ 

563.  In  Birds,  as  in  Mammalia,  it  is  found  that  young  animals  have 
less  power  of  maintaining  an  independent  heat  than  adults.  The  embryo, 
whether  in  the  egg  or  within  the  body  of  its  parent,  is  dependent  upon 
external  sources  for  the  heat  necessary  to  its  full  development.  The  con- 
tents of  the  egg,  when  lying  under  the  body  of  its  parent,  are  so  situated, 
that  the  germ-spot  (§  652)  is  brought  in  closest  proximity  with  the  source 
of  warmth.  Eggs  may,  however,  be  artificially  incubated,  a  practice  which 
is  carried  to  great  extent  in  Egypt ;  and  in  tropical  climates  the  heat  of 
the  sun  is  in  some  instances  sufficient.  Thus,  the  Ostrich  is  said  to  leave 
her  eggs  to  be  hatched  by  the  sun's  rays  alone,  when  she  breeds  in  the 
neighbourhood  of  the  Equator  ;  and  to  sit  upon  them  if  inhabiting  a  more 
variable  climate.  It  was  observed  by  Mr.  Knight,  that  a  fly-catcher,  which 
built  for  several  successive  years  in  one  of  his  stoves,  quitted  its  eggs  when- 
ever the  thermometer  was  above  7P  or  72",  and  resumed  her  place  upon 
the  nest  when  the  thermometer  sunk  again.*  The  incubation  of  bees 
evidently  bears  a  close  analogy  with  that  of  Birds  ;  since,  upon  the  princi- 
ples already  stated  (§  113),  the  larva  and  pupa  states  of  the  Insect  are  but 
peculiar  conditions  of  the  embryo  ;  and  it  is  not  until  the  final  metamor- 
phosis, that  the  true  characters  of  the  class  are  manifested.  Just  as  m 
Insects,  also,  the  young  of  the  warm-blooded  Vertebrata  have  not,  until 
some  time  after  birth,  the  power  of  maintaining  an  independent  tempera- 
ture. Thus,  Edwards  found  that  young  sparrows,  a  week  after  they  are 
hatched,  have,  while  in  the  nest,  a  temperature  of  from  95®  to  97** ;  but 
when  they  are  taken  from  the  nest,  their  temperature  falls  in  one  hour  to 
66^^,  the  temperature  of  the  atmosphere  being  at  the  same  time  62^; 
and  this  rapid  cooling  was  shown  by  parallel  experiments  not  to  be  owing 
to  the  want  of  feathers.    This  fact,  however,  is  not  appHcable  to  all  Birds; 

*  Jesse's  Gleanings,  1838,  vol.  i.  p.  112. 
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for  there  are  some  which  can  maintain  an  elevated  temperature  from  the 
time  they  are  hatched,  unless  the  air  be  cold.  They  come  into  the  world 
in  a  more  advanced  state  than  other  species,  being  able  to  eat  and  run 
from  the  first.  Among  the  Mammalia,  there  is  considerable  difference  in 
the  degree  of  development  which  the  young  have  attained,  at  the  time  of 
their  quitting  the  uterus  of  the  parent.  Thus,  the  foetus  of  the  Marm- 
pialia  is  transferred  at  a  very  early  period  to  the  pouch  where  it  adheres  to 
the  nipple  ;  and  it  is  for  a  long  time  as  much  dependent  upon  its  parent 
for  warmth,  as  if  it  remained  within  the  uterus.  The  young  of  Dogs,  Cats, 
Babbits,  &c.  which  are  bom  blind,  can  only  be  regarded  as  having  attained 
the  same  degree  of  development  with  those  which,  in  other  species,  have  to 
remain  longer  in  the  interior  of  the  parent ;  and  accordingly  they  very  soon 
part  with  their  warmth  to  the  atmosphere,  if  it  is  not  maintained  by  con- 
tact with  their  nurse.  Thus,  the  temperature  of  new-bom  puppies  removed 
from  the  mother,  will  rapidly  sink  to  within  2  or  3  degrees  of  that  of  the 
air.  But,  as  among  birds,  there  are  some  species  which  are  capable  from 
the  first  of  preserving  their  standard  heat  if  not  exposed  to  too  low  a 
medium ;  young  Guinea-pigs,  for  example,  are  able  from  birth  to  walk  and 
nm,  and  to  take  the  same  food  with  the  mother ;  they  seem  to  have  the 
power  of  maiiitaining  a  steady  temperature  when  the  season  is  not  severe, 
but  have  not  the  same  capabihty  with  the  adult  of  resisting  cold. 

564.  The  extraordinary  phenomena  of  hybernation,  a  state  in  which 
warm-blooded  animals  are  reduced  to  the  condition  of  those  of  least  inde- 
pendent temperature,  have  been  already  described  (§  192)  ;  it  need  only 
liere  be  added  that  they  still  preserve  the  capability  of  evolving  heat, 
when  a  stimulus  of  any  kind  arouses  the  animal  frinctions,  and  gives  a  tem- 
porary excitement  to  those  of  organic  life.  This  effect  may  be  produced 
by  mechanical  irritation,  which  arouses  the  animal  from  its  torpidity,  and 
accelerates  its  respiratory  movements.  Extreme  cold  will  produce  the  same 
effect ;  but  it  does  not  last  long ;  and  a  more  profound  torpidity  then  comes 
on,  which  speedily  ends  in  death,  if  the  cold  continue.  Hybemating 
animals,  however,  are  by  no  means  the  only  ones  which  exhibit  a  periodi- 
cal change  in  the  power  of  generating  heat.  It  appears  probable  that  all 
species  of  animals  inhabiting  climates  in  which  the  seasons  are  subject  to 
much  variation,  vary  in  this  respect  at  different  parts  of  the  year.  Their 
power  of  evolving  heat  is  greatest  in  the  winter ;  so  that,  if  exposed  to  severe 
cold  during  summer,  their  bodies  are  speedily  cooled.  The  change  in  the 
colour  of  the  ftir,  from  dark  to  white,  which  many  animals  exhibit  at  the 
approach  of  winter,  has  the  evident  purpose  (besides  other  objects)  of 
diminishing  the  radiation  of  heat  from  its  surface.  That  this  change  is 
occasioned  by  the  cold  of  the  air  around,  has  been  proved  by  an  experiment 
of  Capt.  Ross  upon  a  Lemming,  which  he  had  kept  in  his  cabin  until 
Feb.  1,  and  which  retained  its  summer  fur.  It  was  then  exposed  on  the 
deck  to  a  temperature  of  30"  below  zero ;  and  on  the  foWomn^  ^«:^  \>ftfc 
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change  of  the  ftir  to  white  commenced  on  the  cheeks  and  shoulders,  from 
which  it  gradually  extended  itself  over  the  body.  The  Common  Stoat 
of  this  country  turns  completely  white  in  Scotland  and  the  North  of 
Continental  Europe  (whence  it  is  obtained  as  the  Ermine)  ;  in  the  North 
of  England  this  change  is  occasional  only;  and  in  the  midland  and 
southern  counties  it  is  of  rare  occurrence.  It  is  interesting  to  perceive  the 
depressing  cause  thus  counteracting  itself,  by  means  of  that  provision  in  the 
structure  of  the  animal,  which  thus  occasions  the  change  of  the  colour  of 
its  fur. 

565.  We  have  now  to  enquire  what  are  the  conditions  of  the  evolution 
of  heat  in  the  animal  economy.  That  many  of  the  nutritive  processes  are 
connected  with  it  can  scarcely  be  doubted ;  but  it  seems  peculiarly  to 
depend  upon  those  changes  in  which  the  function  of  Respiration  is  con- 
cerned— ^viz.  the  extrication  of  carbon  from  the  system,  in  combination 
with  oxygen  derived  from  the  atmosphere.  Wherever  the  aeration  of  the 
blood  is  extensively  and  actively  carried  on,  there  is  a  proportionate  de- 
vation  of  temperature.  And,  on  the  other  hand,  wherever  the  respiration 
is  naturally  feeble,  or  the  aeration  of  the  blood  is  checked  by  disease  or 
accidental  obstruction,  the  temperature  of  the  body  falls.  Thus,  in  spas- 
modic asthma,  the  temperature  of  the  human  body  during  a  paroxysm  has 
been  found  as  low  as  82°;  in  the  Asiatic  Cholera,  a  thermometer  placed  in 
the  mouth  has  indicated  but  77°;  and  in  Cyanosis  (or  blue  disease,  arising 
from  malformation  of  the  heart  impeding  perfect  arterialisation,  §  382), 
the  same  low  temperature  has  been  observed.  Again,  whenever  the  tem- 
perature of  an  animal  is,  by  any  extraordinary  stimulus,  quickly  raised 
above  that  which  it  was  previously  maintaining,  it  is  always  in  connection 
with  increased  activity  of  the  respiratory  movements,  and  increased  con- 
sumption of  oxygen.  Thus,  during  the  incubation  of  bees,  the  insect,  by 
accelerating  its  respiration,  causes  the  evolution  of  heat  and  the  consump- 
tion of  oxygen  to  take  place  at  least  twenty  times  as  rapidly  as  when  in  a 
state  of  repose.  There  is  a  remarkable  similarity  between  the  occasional 
activity  of  the  respiratory  function  in  Insects,  and  the  constant  energy 
with  which  it  is  performed  in  Birds — the  Insects  of  the  vertebrated 
classes.  We  have  seen  that  in  the  former  the  circulation  is  very  feeble, 
whilst  the  respiratory  tubes  are  prolonged  into  every  part  of  the  system ; 
so  that  when  the  air  is  rapidly  driven  through  them  by  movements  adapted 
for  the  purpose,  the  aeration  of  the  blood  is  very  completely  effected.  In 
Birds  we  observe  a  similar  tendency  to  diffusion  of  the  respiratory  appa- 
ratus through  the  system ;  but  the  energy  of  circulation  renders  this  less 
necessary  than  in  Insects,  and  the  aeration  of  the  blood  is  principally 
effected  by  its  transmission  through  those  organs,  which  in  the  Mammalia 
are  alone  adapted  to  it. 

566.  The  mode  and  degree  in  which  the  evolution  of  heat  is  connected 
with  the  aeration  of  the  blood,  has  long  been  a  fruitful  topic  of  discussion 
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amongst  physiologists ;  we  shall  only  state  therefore  what  appear  to  he 
legitimate  inferences  from  facts.  It  has  heen  seen  that  arterial  hlood 
contains  oxygen  in  a  free  state,  or  at  least  in  such  loose  comhination  that  it 
is  separated  with  facihty.  During  the  passage  of  this  fluid  through 
the  capillaries,  this  oxygen  is  exchanged  for  carhonic  acid  which  replaces 
it  in  venous  hlood.  The  carbon  which  is  thus  received  into  the  blood  is 
evidently  disengaged  from  the  tissues  during  the  proces9  of  nutrition  ;*  and 
its  union  with  oxygen,  which  is  the  means  of  its  disengagement,  must  be 
accompanied,  as  in  the  processes  of  inorganic  chemistry,  with  a  Uberation 
of  caloric.  This  will  in  general  be  nearly  uniform  throughout  the  system  ; 
but  there  are  many  cases  in  which  increased  action  is  going  on,  either  as 
a  natural  condition  or  as  a  diseased  state ;  and  a  higher  local  temperature 
is  thus  produced.  Such  increased  action  appears  to  be  in  some  degree  con- 
nected with  the  influence  of  the  nervous  system  ;  but  it  may  be  regarded 
as  probable  that  the  evolution  of  caloric  is  not  dependent  upon  nervous 
action,  in  any  other  way  than  through  those  organic  processes  which  stand 
in  relation  to  both. 

567.  The  results  obtained  by  various  experimenters  would  appear  to 
indicate,  that  some  other  organic  processes,  besides  those  connected  with 
the  excretion  of  carbon  through  the  lungs,  must  contribute  to  the  main- 
tenance of  the  heat  of  warm-blooded  animals ;  since  the  amount  of  caloric 
given  out  during  a  certain  time  to  the  surrounding  medium,  is  greater  than 
that  which  would  be  produced  by  the  combustion  of  a  quantity  of  carbon, 
equivalent  to  that  which  has  been  expired  during  the  same  period.  What 
is  the  precise  nature  of  these  processes,  is  a  matter  upon  which  at  present 
we  can  only  speculate ;  and  there  are  so  few  data  upon  which  reliance  can 
be  placed,  that  it  is  perhaps  better  to  abstain  from  erecting  h3rpotheses 
upon  them.  It  has  been  seen  that  the  evolution  of  heat  in  Plants  appears 
solely  connected  with  the  formation  of  carbonic  acid ;  and  it  is  a  fact  of  no 
little  interest  that,  after  the  bond  of  union  between  the  Animal  functions 
has  been  dissolved  by  death,  but  some  organic  life  is  still  retained  by  the 
individual  parts,  an  elevation  of  temperature  will  occasionally  take  place, 
and  the  glow  of  health  will  return  to  the  skin.  This  has  been  frequently 
witnessed  in  cases  of  death  from  various  forms  of  asphyxia,  and  from 
cholera  ;  it  would  appear  to  be  due  to  the  aeration  of  the  blood  contained 
in  the  capillaries  of  the  skin,  by  the  influence  of  the  atmosphere  upon  them; 
and  the  same  change  will  probably  be  effected  by  the  entrance  of  air  into 
the  lungs,  when  there  has  been  previously  any  mechanical  impediment  to 
its  meeting  in  those  organs  with  the  circulating  fluid.     When  animal  life 

•  It  has  been  already  stated,  that  the  function  of  Respiration  appears,  both  in  Plants 
and  Animals,  to  be  the  one  peculiarly  subservient  to  the  deportation  of  those  particles  of 
the  organism,  which  are  in  a  state  of  incipient  decay.  It  is  interesting,  therefore,  to 
remark  that,  when  carbonic  acid  is  liberated  during  the  decomposition  of  dead  organic 
matter,  a  sensible  manifestation  of  heat  occurs  (as  in  fermentation,  or  in  a  half-dried  Iva.^- 
rick)  if  it  be  not  dissipated  as  fast  as  it  is  evolved. 
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has  been  suddenly  and  completely  destroyed  by  injuries  of  the  nervous 
system,  the  action  of  the  heart  frequently  continues  for  some  time,  if 
means  are  provided  for  the  aeration  of  the  blood.     This  may  be  accom- 
pHshed  by  an  artificial  respiration,  which,  if  careMly  performed,  is  found  to 
retard  in  great  degree  the  natural  cooHng  of  the  body ;  in  the  experiments 
which  have  had  a  contrary  result,   the  insufflation    of  the  lungs  was 
probably  repeated  too  frequently  and  violently,  so  as  to  hasten  the  refri- 
geration by  the  quantity  of  cold  air  thus  introduced  into  the  system.    It 
has  been  also  shown  by  the  experiments  of  Dr.  Southwood  Smith*  that, 
though  a  moderate  inspiration  favours  the  passage  of  the  blood  through 
the  lungs,  great  distension  of  their  cavity  with  air  checks  almost  entirely 
the   circulation  of  fluid  through   them;   and  this  cause  also  no  doubt 
operated  in   producing   the   effects,    which  have  led  to  the   opinion  of 
some  physiologists,  that  animal  heat  is  immediately  produced  by  nervous 
agency, — an  opinion  quite  inconsistent,  as  we  have  seen,  with  the  facts 
suppUed  by  a  comprehensive  survey  of  organised  nature. 

Evolution  of  Electricity, — General  Considerations. 

568.  It  has  been  mentioned  (§  185)  that  Electricity,  hke  Gravitation, 
is  probably  to  be  regarded  as  a  property  common  to  all  forms  of  matter, 
and  capable  of  being  manifested  whenever  the  requisite  conditions  are 
fulfilled.  Its  development  takes  place  in  the  inorganic  world  under  a 
great  variety  of  circumstances ;  and  there  is  scarcely  a  chemical  or  phy- 
sical change  of  any  kind,  which  is  not  accompanied  by  some  disturbance 
of  its  equilibrium,  although  it  may  be  too  slight  to  be  recognised  without 
very  refined  means  of  detecting  it.  The  contact  of  two  different  substances 
is  by  some  regarded  as  of  itself  capable  of  producing  electric  excitement ; 
and  if  we  prefer  to  think,  with  other  philosophers,  that  it  is  by  the  che- 
mical action  or  the  change  of  temperature  thus  produced,  that  the  disturb- 
ance of  the  equihbrium  is  really  occasioned,  still  the  constant  occurrence 
of  such  changes  cannot  be  viewed  without  interest  in  connection  with  the 
phenomena  of  hfe.  Not  only  inorganic  bodies,  such  as  metals,  but 
organised  tissues  and  fluids,  will  thus  manifest  electricity.  But  there  are 
other  sources  of  the  development  of  electricity,  which  seem  to  bear  a  stiD 
closer  relation  with  the  processes  constantly  taking  place  in  the  Hving 
body.  Thus,  change  of  temperature  disturbs  the  equihbrium  of  a  single 
bar  of  metal,  if  two  parts  be  unequally  heated :  and  the  disturbance  is 
greater  if  two  metals  be  in  contact.  Change  of  form,  again,  is  another 
source  of  electricity,  which  appears  to  be  developed  during  the  processes 
of  liquefaction  and  solidification,  and  in  the  formation  and  condensation  of 
vapour.  Thus,  if  sulphur  be  melted  in  a  glass  vessel,  and  the  cake  be 
removed  after  cooling,  the  sulphur  is  found  to  be  negative  and  the  glass 
positive ;  and  the  evaporation  of  pure  water  from  a  platinum  surface  is 

*  Philosophy  of  Health,  Vol.  ii.  p.  75,  &c. 
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attended  with  a  distinct  development  of  electricity.  If,  however,  the  change 
of  form  be  accompanied  with  any  chemical  decomposition,  the  manifesta- 
tion of  electricity  becomes  much  more  decisive ;  as  when  saline  solutions 
are  evaporated,  the  water  of  which  is  consequently  separated  from  the  salt 
to  which  it  was  previously  united.  *  Since  all  the  water  on  the  surface  of  the 
globe  has  some  saline  impregnation,  there  can  be  little  doubt  that  its  con- 
stant evaporation  is  a  fertile  source  of  atmospheric  electricity. 

569.  Perhaps  the  most  frequent  and  powerful  source  of  electrical  dis- 
turbance is  chemical  action.  It  seems  to  be  now  generally  admitted,  from 
the  experiments  of  Faraday,  Becquerel,  De  la  Rive,  &c.,  that,  in  every 
instance  of  chemical  union  or  decomposition,  some  excitement  of  this 
agent  takes  place.  Thus,  in  the  combustion  of  every  inflammable  material, 
whether  pure  carbon,  or  hydrogen,  alcohol,  oil,  &c.,  the  gas  or  vapour 
arising  frt)m  it  is  positive,  whilst  the  combustible  is  negative.  The  mani- 
festation of  their  respective  conditions  can  only  be  obtained,  however,  by 
hnmediately  separating  them ;  for,  if  the  carbonic  acid  arising  from  the 
combustion  of  charcoal  be  allowed  to  flow  over  the  surface  of  the  mass, 
the  equihbrium  is  restored.  This  fact  explains  the  absence  of  electric 
disturbance  in  ordinary  chemical  operations,  where  new  combinations  are 
formed  by  the  union  of  the  elements,  or  by  the  decomposition  of  others 
previously  existing ;  for,  if  the  substances  thus  produced  remain  in  con- 
tact, the  equihbrium  which  was  disturbed  by  their  change  is  immediately 
restored.*  There  can  be  httle  doubt  that  capillarity  has  a  very  important 
power  in  modifying  the  chemical  affinities  of  various  bodies  for  each  other. 
Thus,  spongy  platinum  will  cause  the  union  of  oxygen  and  hydrogen  at 
ordinary  temperatures,  without  itself  undergoing  any  change  ;  and  porce- 
lain biscuit  heated  to  300°  has  the  same  effect.  Again,  charcoal,  especially 
when  newly  burned,  absorbs  many  times  its  own  bulk  of  different  gases, 
especially  such  as  may  be  artificially  condensed  into  a  fluid  form ;  and  it 
appears  to  be  from  the  latent  caloric  thus  evolved,  that  its  spontaneous 
ignition  sometimes  occurs.  The  phenomena  of  endosmose  (§  288)  also 
seem  connected  with  electric  disturbance,  though  whether  in  the  relation 
of  cause  or  effect  is  hardly  yet  ascertained. 

*  Acting  upon  this  principle,  M.  Becquerel  has  succeeded  in  forming  an  energetic  gal- 
Tanic  apparatus  in  a  very  simple  manner.  If  a  syphon  be  filled  with  fine  sand,  and  into 
one  1^  be  poured  an  acid,  and  into  the  other  an  alkaline  solution,  chemical  union  of 
these  agents  will  of  course  take  place  at  the  depending  curve.  At  this  point,  however, 
an  orifice  is  made,  and  plugged  with  a  few  filaments  of  asbestos,  which  draw  off  the  com- 
pound solution  as  fast  as  it  is  formed.  Wires  placed  in  the  two  legs  indicate  strongly- 
opposed,  electrical  states ;  and  the  voltaic  current  thus  produced  continues  until  all  the 
original  solutions  have  united.  It  is  impossible  to  contemplate  this  result,  without 
acknowledging  the  influence  that  the  mode  in  which  the  elements  are  brought  together 
must  have  upon  their  actions ;  in  this  case  it  is  the  slow  union  resulting  from  their  capil- 
laiy  division^  which  enables  the  conditions  requisite  for  the  manifestation  of  electricity  to 
be  complied  with. 
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570.  The  late  researches  of  Dr.  Faraday  appear  to  have  fully  prored 
the  identity  of  chemical  affinity  with  electrical  attraction ;  and  it  is  not 
surprising,  therefore,  that  all  chemical  changes  should  he  attended  with  a 
development  of  electricity.  If,  as  has  heen  maintained  (§  199),  the  changes 
that  are  concerned  in  the  growth  and"  nutrition  of  organised  systems, 
are  immediately  controlled  by  laws  similar  to  those  which  govern  the 
combinations  of  inorganic  matter,  it  would  naturally  be  expected  that 
electricity  should  be  generated  by  them :  and  this  agent  may  sometimes 
be  required  for  the  performance  of  other  processes  in  the  individual 
economy,  and  may  sometimes  contribute  to  those  more  evident  and  striking 
phenomena,  the  consideration  of  which  is  included  under  the  science  of 
Meteorology.  If  the  physical  sources  of  electric  excitation  be  kept  in 
view,  no  great  difficulty  will  be  felt  in  accounting  generally  for  those 
peculiar  instances,  in  which  an  extraordinary  manifestation  of  it  occurs  in 
the  Animal  system  (§  ^7Q)y  although  we  may  not  be  able  to  apply  our 
explanations  to  their  details. 

Electricity  in  Vegetables. 

571.  That  the  ordinary  processes  of  Vegetable  growth  are  attended  with 
a  manifestation  of  Electricity,  has  been  proved  by  the  experiments  of 
Pouillet.*  The  disengagement  of  vapour  from  the  surface  of  the  leaves 
would  alone  be  sufficient  to  produce  it,  as  the  fluid  from  which  it  is  given 
off  is  always  charged  with  saline  and  other  ingredients ;  and  the  gaseous 
changes  which  are  effected  by  the  leaves,  upon  the  oxygen  and  carbonic  acid 
of  the  atmosphere,  may  be  regarded  as  other  sources  of  its  development. 
Although  it  is  not  improbable  that  the  electric  state  of  Plants  will  vary 
according  to  the  nature  of  the  changes  which  they  undergo  in  relation  to 
the  atmosphere,  yet  their  usual  condition  is  negative ;  and  a  very  ingenious 
theory  has  been  erected  by  Dr.  Graves  upon  this  fact,  to  account  for  the 
violence  of  meteorological  phenomena  in  tropical  islands.  The  evaporation 
taking  place  from  the  surface  of  the  sea,  must  tend  to  render  the  super- 
incumbent atmosphere  positively  electrical ;  and  that,  too,  with  the  most 
intensity  during  the  day,  at  the  very  time  when  the  agency  of  terrestrial 
vegetation  is  rendering  the  air  over  the  land  negatively  electrical.     "  How 

*  Several  pots  filled  with  earth,  and  containing  different  seeds,  were  placed  on  an 
insulated  stand  in  a  chamber,  the  air  of  which  was  kept  dry  by  quick-lime.  The  stand 
was  placed  in  connection  with  a  condensing  electrometer.  During  germination,  no  elec- 
tric disturbance  was  manifested :  but  the  seeds  had  scarcely  sprouted  when  signs  of  it 
were  evident ;  and  when  the  young  plants  were  in  a  complete  state  of  growth,  they 
separated  the  gold  leaves  of  the  electrometer  half  an  inch  from  each  other.  It  ww 
calculated  by  him  that  a  vegetating  surface  of  100  metres  square  in  extent  produces  in  a 
day  more  electricity  than  would  be  sufficient  to  charge  the  strongest  battery ;  and  he  not 
unreasonably  considers  that  the  growth  of  plants  may  be  one  of  the  most  constant  and 
^poweriui  sources  of  atmospheric  electricity. 
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woiiderftd,"  he  continues,  "  are  the  operations  of  nature !  The  peaceful 
and  silent  growth  of  a  vegetation  whose  splendour  fascinates  the  eye,  deve- 
lopes  an  agency  which,  opposed  to  that  produced  by  a  rapid  but  unobserved 
evaporation  from  the  surface  of  the  surrounding  ocean,  tends  to  load  the 
atmosphere  with  conflicting  elements,  from  the  depth  of  whose  strife  issues 
thunder  proclaiming  the  approach  of  the  hurricane  and  tornado." 

572.  During  the  various  processes  of  decomposition  and  recomposition 
which  take  place  in  the  assimilation  of  the  Vegetable  juices,  we  should 
expect  that  electric  equihbrium  would  be  sometimes  disturbed,  sometimes 
restored.     Of  this,  the  following  facts,  amongst  others,  appear  to  be  sufr 
ficient  evidence.     If  a  wire  be  placed  in  apposition  with  the  bark  of  a 
growing  plant,  and  another  be  passed  into  the  pith,  contrary  electrical 
states  are  indicated,  when  they  are  appHed  to  an  electrometer.   If  platinum 
wires  be  passed  into  the  two  extremities  of  a  fruit,  they  also  will  be  found 
to  present  opposite  conditions.     In  some  fruits,  as  the  apple  or  pear,  the 
stalk  is  negative,  the  eye  positive ;  whilst  in  such  as  the  peach  or  apricot, 
a  contrary  state  exists.     If  a  prune  be  divided  equatorially,  and  the  juice 
be  squeezed  from  its  two  halves  into  separate  vessels,  its  portions  will  in 
like  maimer  indicate  opposite  electrical  states,  although  no  difference  can  be 
perceived  in  their  chemical  qualities.*     There  would  appear  to  be  much 
probability  in  Dr.  Prout's  speculation,  that  the  small  quantities  of  mineral 
bodies,  usually  regarded  as  accidentally  present  in  the  vegetable  tissues, 
may  have  an  important  influence  on  their  properties  and  actions.     It  has 
been  shown  by  Sir  J.  Herschel,  that  a  force  of  50,000  times  that  of  gravity 
may  be  instantaneously  generated,  by  the  action  of  galvanism  on  an  amal- 
gam of  mercury  with  a  miUionth  part  of  its  weight  of  sodium ;  and  it 
cannot  be  denied,  therefore,  that  the  minutest  admixture  of  ingredients  may 
completely  reverse  the  electrical  and,  consequently,  the  chemical  relations 
of  large  masses  of  organised  matter.   All  the  vegetable  tissues  seem  to  have 
mineral  matter  so  universally  distributed  through  them,  that  it  constitutes 
8  skeleton,  which  will  retain  its  form  after  the  destruction  by  heat  of  the 
organised  and  combustible  portions  of  the  structure ;  and  these  iQinute 
portions  of  matter  may  undoubtedly  contribute  to  the  production  of  those 
striking  differences,  in  the  properties  of  bodies  having  apparently  the  same 
chemical  composition,  which  at  first  sight  appear  so  mysterious. 

Electricity  in  Animals. 

573.  All  that  has  been  said  of  the  effects  of  vegetation  in  producing 
a  disturbance  of  electric  equihbrium,  will  manifestly  apply  to  the  nutritive 
processes  of  Animals  also ;  and  there  is  no  deficiency  of  indications  that 
such  is  the  case.  Thus,  Donne  found  that  the  skin  and  most  of  the  internal 
membranes  are  in  opposite  electrical  states ;  and  Matteuci  has  seen  a  devia- 
tion of  the  needle  amounting  to  1 5^  or  20°,  when  the  liver  and  stomach  of 

*  Annales  de  Chimie.  Tom.  lvii. 
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a  rabbit  were  connected  with  the  platinum  ends  of  the  wires  of  a  deHcate 
galyanometer.  It  may  be  questioned  whether  or  not  the  diflFerences  in  the 
secretions  of  these  parts  were  the  cause  or  the  effects  of  their  electric  con- 
ditions. According  to  Matteuci,  it  could  not  be  by  their  chemical  action 
on  the  wires  that  the  manifestation  was  produced,  since  it  became  very 
feeble  or  entirely  ceased  on  the  death  of  the  animal.  These  experiments 
are  confirmatory,  as  far  as  they  go,  of  Dr.  Wollaston's  theory  respecting 
secretion.  Observing  the  connection  between  electricity  and  chemical  action, 
he  was  led  to  think  that  all  the  secretions  in  the  body  are  the  effect  of 
electrical  agency  acting  in  various  modes ;  and  that  the  qualities  of  each 
secretion  point  out  what  species  of  electricity  preponderated  in  the  organ 
which  forms  it.  Thus,  the  existence  of  free  acid  in  the  urine  and  gastrie 
juice,  and  of  free  alkali  in  the  bile  and  saliva,  mark  the  prevalence  of  posi- 
tive electricity  in  the  kidneys  and  stomach ;  whilst  an  excess  of  negative 
electricity  is  indicated  in  the  hver  and  salivary  glands.  So  far  the  hypothesis 
is  consonant  with  facts ;  many  more  observations,  however,  must  be  made 
on  the  natural  and  diseased  conditions  of  the  secreting  organs,  before  it  can 
be  substantiated. 

574.  From  experiments  on  the  human  subject,  it  would  appear  that  the 
living  body  would  be  never  in  perfect  equiUbrium  with  those  around  it, 
were  this  not  constantly  maintained  by  free  contact  with  them ;  thns,  if 
two  persons,  both  insulated,  join  hands,  sufficient  electricity  is  developed 
to  affect  the  electrometer.  Some  electric  disturbance  is  manifested  hy 
almost  every  individual,  if  it  be  carefully  sought  for.  In  men  it  is  most 
frequently  positive ;  and  irritable  men  of  sanguine  temperament  have  more 
free  electricity  than  those  of  phlegmatic  character ;  whilst  the  electricity  of 
women  is  more  frequently  negative  than  that  of  men.  Some  individuals 
exhibit  these  phenomena  much  more  frequently  and  powerfully  than  others. 
There  are  persons,  for  instance,  who  scarcely  ever  pull  off  articles  of  dress 
which  have  been  worn  next  the  skin,  vdthout  sparks  and  a  crackling  noise 
being  produced,  especially  in  dry  weather ;  this  may,  however,  be  partly 
due  to  the  friction  of  these  materials  on  the  surface  and  with  each  other, 
as  it  has  been  proved  to  be  greatly  influenced  by  their  nature.  The  most 
remarkable  case  of  the  generation  of  electricity  in  the  human  subject  at 
present  on  record,  is  one  lately  related  in  America.*  The  subject  of  it, 
a  lady,  was  for  many  months  in  an  electric  state  so  different  from  that  of 
surrounding  bodies,  that,  whenever  she  was  but  slightly  insulated  by  a 
carpet  or  other  feebly-conducting  medium,  sparks  passed  between  her  per- 
son and  any  object  which  she  approached.  From  the  pain  which  accom- 
panied the  passage  of  the  sparks,  her  condition  was  a  source  of  mudi 
discomfort  to  her ;  when  most  favourably  circumstanced,  four  sparks  per 
minute  would  pass  from  her  finger  to  the  brass  ball  of  the  stove  at  a  dis- 
tance of  ly  inch.  The  circumstances  which  appeared  most  favourable  to 
*  American  Jouraal  of  Medical  Science,  January,  1838, 


the  generation  of  electricity,  were  nn  atmosphere  of  about  80°,  tranquilhty 
of  miod,  and  social  enjoymeut ;  while  a  low  tempemtiire  and  depressing 
emotions  diminished  it  in  a  correspoudiug  degree.  The  phenomenon  wna 
first  noticed  during  the  occurrence  of  a  virid  Aurora  Uorealis ;  and  though 
its  first  appearance  was  sudden,  its  departure  was  gradual.  \'arious 
experiments  were  made  with  the  view  of  ascertaining,  if  the  electricity  was 
generated  by  the  friction  of  articles  of  dress ;  but  no  cliange  in  these 
seemed  to  modify  its  intensity. 

575,  There  seems  little  doubt  that  Electricity  may  be  generated,  not 
merely  by  the  organic  functions,  but  by  changes  more  peculiarly  connected 
with  the  animal  powers;  though  it  may  be  regarded  as  even  then  imme- 
diately dependent  upon  those  nutritive  processes,  the  constant  action  of 
which  seems  necessary  to  furnish  the  conditions  required  for  any  sensorial 
or  motor  phenomenon.  It  is  possible,  too,  that  the  mere  contact  of  dif- 
ferent tissues  may  produce  electrical  manifestations ;  for  Humboldt  states 
that  feeble  contractions  are  produced  in  the  leg  of  a  frog,  by  touching  the 
nerve  and  muscle  at  the  same  time  with  a  tresh  portion  of  muscle.  As 
long  as  the  muscular  fibre  of  animals  retains  its  irritability,  it  may  be  used 
as  a  very  dehcate  test  of  the  disturbance  of  electric  equihbrium,  since  this 
produces  in  it  contractions,  similar  to  those  which  are  occasioned  by  the 
■timulus  naturally  transmitted  to  it  through  the  nervous  system.  Hence 
lome  have  supposed  these  two  agents,  electricity  and  nervous  influence,  to 
be  identical ;  but  this  is  probably  an  untenable  theory,  as  wOl  he  shown 
hereafter  {§  727).  It  is  maintained,  however,  that  electricity  is  developed 
vhea  muscular  action  is  excited  by  nervous  influence ; — Prevost  and  Dumas 
having  witnessed  considerable  deviations  of  the  index  of  an  electrometer,  of 
which  one  wire  was  plunged  uito  the  mnacles  of  a  frog's  leg,  and  the  other 
apphed  red-hot  to  the  nerves,  so  as  to  produce  muscidar  contractions ; — and 
the  same  iudividuals  having  subsequently  found  that  needles  plunged  into 
the  muscles  became  sufficiently  magnetic,  during  the  contractions  excited 
hy  stimulating  the  spinal  cord,  to  attract  iron  filings  by  their  projecting 
extremities.*  An  exception  has  very  justly  been  taken  to  the  first  experi- 
ment, on  the  ground  that  the  chemical  action  of  the  red-hot  wire  upon  the 
tissues  may  have  been  suiEcient  to  influence  the  galvanometer;  and  even 
the  second  cannot  he  regarded  as  altogether  free  from  sources  of  fallacy, 
since  the  elevation  of  temperature,  which  has  been  shown  hy  Becquerel  to 
occur  during  muscular  contraction,  may  have  been  the  cause  of  the  dis- 
turbance of  the  electric  state.  The  utmost  that  is  proved  by  either  of 
them,  however,  is  that  electricity  la  generated  during  the  action  of  the 
nerves  upon  the  muscles ;  and  to  this  doctrine  there  seems  no  reason  to 
retnse  assent.  The  same  may  be  said  of  an  esperiment  brought  forwards 
hy  Professor  Puccinotti ;  who  states  that,  if  two  platinum  blades  be  simul- 
taneously inserted,  the  one  in  the  brain  of  an  animal,  and  the  other  in  the 

•  Pliilosophical  Magazine,  Mnrch,  1838. 
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muscles  of  the  extremities,  a  strong  electric  current  manifests  itself,  when 
they  are  connected  with  a  galvanometer.  The  enei^  of  this  depends  npcm 
that  of  nervous  action  in  general,  and  is  much  weakened  by  loss  of  blood ; 
its  direction  is  always  the  same. 

576.  When  the  facts  already  stated,  respecting  the  various  methods  by 
which  electricity  may  be  generated  in  the  Uving  animal  body,  are  kept  in 
view,  the  peculiar  cases  in  which  it  is  developed  to  an  excessive  amount  will 
appear  less  extraordinary ;  though  there  is  still  much  room  for  investiga- 
tion, before  the  conditions,  upon  which  these  phenomena  are  immediately 
dependent,  can  be  ascertained.  It  is  remarkable  that  nearly  all  the  animals 
capable  of  accumulating  electrical  influence,  and  of  discharging  it  at  will  in 
a  violent  form,  belong  to  the  class  of  Fishes ;  none  among  the  Mammalia, 
Birds,  or  Reptiles,  being  provided  with  any  special  apparatus  for  the  pur- 
pose. Some  Insects  and  Mollusca  have  been  said  to  communicate  sensible 
shocks,  but  few  details  have  been  given  on  the  subject.  About  six  species 
of  Fishes  are  known  to  possess  electrical  properties ;  and  it  is  curious  that 
they  belong  to  tribes  very  dissimilar  from  one  another,  and  that,  though 
each  has  a  hmited  geographical  range,  one  species  or  other  is  found  in 
almost  every  part  of  the  world.  Thus,  the  two  species  of  Torpedo,  belong- 
ing to  the  Ray  tribe,  are  found  on  most  of  the  coasts  of  the  Atlantic  and 
Mediterranean,  and  sometimes  so  abimdantly  as  to  be  a  staple  article  of 
food.  The  Gymnottis,  or  electric  Eel,  is  confined  to  the  rivers  of  South 
America.  The  Silurus  (more  correctly  the  Malapterurus),  which  approaches 
more  nearly  to  the  Salmon  tribe,  occurs  in  the  Niger,  the  Senegal,  and  the 
Nile.  The  Trichiurus,*  or  Indian  Sword-fish,  is  an  inhabitant  of  the  Indian 
Seas ;  and  the  Tetraodon  (one  of  a  genus  allied  to  the  Diodon  or  globe- 
fish)  has  only  been  met  with  on  the  coral  banks  of  Johanna,  one  of  the 
Comoro  Islands. 

577'  These  fishes  have  not  all  been  examined  with  the  same  degree  of 
attention ;  but  it  seems  probable  that  the  phenomena  which  they  exhibit, 
and  the  structural  peculiarities  with  which  they  are  connected,  are  essen- 
tially the  same  in  all.  The  Torpedo  has,  from  its  proximity  to  European 
shores,  been  most  frequently  made  the  subject  of  observation  and  experi- 
ment. The  peculiar  characteristic  of  all  is  the  power  of  giving,  to  any 
living  body  which  touches  them,  a  shock  resembUng  in  its  effects  that  pro- 
duced by  the  discharge  of  a  Leyden  jar.  This  is  of  very  variable  intensity 
in  different  species  and  individuals,  and  at  different  times.  The  Gymnotus 
will  attack  and  paralyze  horses,  as  well  as  kill  small  animals;  and  the 
discharges  of  large  fish  (which  are  20  feet  long)  sometimes  prove  sufticient 
to  deprive  men  of  sense  and  motion.  The  effects  of  the  contact  of  the 
Torpedo  are  less  severe,  and  soon  pass  off ;  but  the  shock  is  attended  with 
considerable  pain  when  the  fish  is  vigorous.     The  electrical  organs  appear 

*  There  is  some  doubt,  however,  as  to  the  real  character  of  the  fish  to  which  this  name 
has  been  given. 
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to  be  charged  and  discharged  to  a  certain  extent  at  the  will  of  the  animals. 
Their  power  is  generally  exerted  by  the  approach  of  some  other  animal,  or 
by  some  external  irritation ;  but  it  is  not  always  possible  to  call  it  into 
action,  even  in  vigorous  individuals.  It  usually  diminishes  with  the  general 
feebleness  of  the  system,  though  sometimes  a  dying  fish  exerts  considerable 
power.  All  electrical  fishes  have  their  energy  exhausted  by  a  continued 
series  of  discharges ;  hence  it  is  a  common  practice  with  convoys  in  South 
America,  to  collect  a  number  of  wild  horses  and  drive  them  into  the  rivers, 
in  order  to  save  themselves,  when  they  pass,  from  being  injured  by  the  fish* 
If  excessively  exhausted,  the  animals  may  even  die  :  but  they  usually 
recover  their  electrical  energy  after  a  few  hours'  rest. 

578.  That  the  shock  perceived  by  the  organs  of  sensation  in  man  is 
really  the  result  of  an  electric  discharge,  has  now  been  fully  established. 
Although  no  one  has  ever  seen  a  spark  emitted  from  the  body  of  one  of  the 
fish,  it  may  be  easily  manifested,  by  causing  the  Gymnotus  to  discharge 
through  a  slightly  interrupted  circuit ;  and  late  observers  have  been  able  to 
obtain  one  from  the  Torpedo  also.  The  galvanometer  is  influenced  by  the 
discharge  of  the  Torpedo,  and  chemical  decomposition  may  be  effected  by 
it,*  as  well  as  magnetic  properties  communicated  to  needles.  It  seems 
essential  to  the  proper  reception  of  the  shock,  that  two  parts  of  the  body 
should  be  touched  at  the  same  time,  and  that  these  two  should  be  in  dif- 
ferent electrical  states.  The  most  energetic  discharge  is  procured  from  the 
Torpedo,  by  touching  the  back  and  belly  simultaneously,  the  electricity  of 
the  dorsal  surface  being  positive,  and  that  of  the  ventral  negative ;  and  by 
this  means  the  galvanometer  may  be  strongly  affected,  every  part  of  the 
back  being  positive  with  respect  to  every  part  of  the  opposite  surface. 
When  the  two  wires  of  the  galvanometer  are  applied  to  the  corresponding 
parts  of  the  two  sides  of  the  same  surface,  no  influence  is  manifested ;  but, 
if  the  two  points  do  not  correspond  in  situation,  whether  they  be  both  on 
the  back  or  both  on  the  belly,  the  index  of  the  galvanometer  is  made  to 
deviate.  The  degree  of  proximity  to  the  electric  organ  appears  to  be  the 
source  of  the  difference  in  the  relative  state  of  different  parts  of  the  body ; 
those  which  are  near  to  it  being  always  positive  in  respect  to  those  more 
distant.  Dr.  Davy  found  that,  however  much  Torpedos  were  irritated 
through  a  single  point,  no  discharge  took  place ;  and  he  states  that,  when 
one  surface  only  is  touched  and  irritated,  the  fish  themselves  appear  to 
make  an  effort  to  bring,  by  muscular  contraction,  the  border  of  the  other 
surface  in  contact  with  the  offending  body ;  and  that  this  is  even  done  by 
foetal  fish.  If  a  fish  be  placed  between  two  plates  of  metal,  the  edges  of 
which  are  in  contact,  no  shock  is  perceived  by  the  hands  placed  upon  them, 
since  the  m^tal  is  a  better  conductor  than  the  human  body ;  but,  if  the 
plates  be  separated,  and,  while  still  in  contact  with  the  opposite  sides  of 
the  body,  the  hands  be  applied  to  them,  the  discharge  is  at  once  rendered 

*  Dr.  John  Davy,  Phil.  Trans.,  \n\. 
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perceptible,  and  it  may  be  passed  through  a  line  formed  by  the 
hands  of  two  or  more  persons,  the  estremities  being  bronght  into 
with  the  opposile  plates. 

579.  It  has  been  ascertained  by  esperiment,  that  the  manifestation  of 
this  peculiar  power  depends  upon  the  integrity  of  the  connection  between 
the  nervous  centres  and  certain  organs  peculiar  to  electrical  fishes.  In  the 
Torpedo  these  organs  are  of  flattened  shape  and  occupy  the  front  and  sides 
of  the  body,  forming  two  large  masses,  which  extend  bftckwords  and  out- 
wards from  each  side  of  the  head.  They  are  composed  of  two  layers  of 
membrane,  between  which  is  a  whitish  soft  pidp,  divided  into  columni  by 
processes  of  the  membrane  sent  off  so  as  to  form  partitions  like  the  ceHi 
of  a  honey  comb ;  the  ends  of  these  columns  being  directed  towards  the 
two  surfaces  of  the  body.  They  appear  to  be  again  subdivided  horiitontally 
by  more  delicate  partitions,  which  form  each  column  into  a  number  of 
distinct  cells ;  the  partitions  are  estremely  vascidar  and  profusely  supplied 
vrith  nerves.  The  fluid  contained  in  the  electrical  organs  forms  so  Isfge 
a  proportion  of  them,  that  the  specific  graTity  of  the  mass  is  only  102C, 
whilst  that  of  the  body  in  general  is  about  lUGO ;  and,  from  a  chenuial 
examination  of  its  constituents,  it  appears  to  bear  a  very  considerable 
analogy  with  the  substance  of  the  brain.*  The  electrical  org«is  of  the 
Gymnotus  are  essentially  the  same  in  structure,  though  difiering  in  shape 
in  accordance  with  the  conformation  of  the  animal ;  they  occupy  one-third 
of  its  whole  hulk,  and  run  along  nearly  its  entire  length ;  there  are,  how- 
ever, two  distinct  pmrs,  one  much  larger  than  the  other.  In  the  Siluria 
there  is  not  any  electrical  organ  so  definite  as  those  just  described ;  bnt  thr 
thick  layer  of  dense  cellular  tissue,  which  completely  surrounds  the  body, 
appears  to  be  subservient  to  this  function ;  it  is  composed  of  tendinous 
fibres  interwoven  together  and  containing  a  gelatinous  substance  in  lieir 
interstices,  so  as  to  bear  a  close  analogy  with  the  cellular  putitioos  a 
the  special  organs  of  the  Torpedo  and  gymnotus.  The  organs  of  the  otlwr 
known  electrical  fishes  have  not  yet  come  under  the  notice  of  any  anatomist. 

580.  In  all  these  instances,  the  electrical  organs  are  supplied  with  Derm 
of  very  great  size,  lai^r  than  any  others  in  the  same  animals,  and  UrgK  . 
than  any  nerve  in  other  animals  of  like  hulk.f    The  integrity  of  the  nen^H 
is  essential  to  the  full  action  of  the  electrical  organs.     If  all  the  tnmkt^H 
cut  on  one  side,  the  power  of  that  organ  will  be  destroyed,  but  that  of  t^M 

■  Malteuci,  Philoa.  Mngtuine,  Kiach,  1 S38.  ^M 

f  The;  nil  arise  in  the  Tnrpcilo  f^om  the  cnmiat  portion  of  the  cerebro-^iDal  aii>;^^| 
these  the  two  Brat  issue  from  the  cranium  in  cloae  proiimit;  with  the  6tb  paa,  andlii^^ 
been  regarded  aa  helonging  to  it.  although  their  real  origin  it  different;  and,  fVoa  lb  I 
diatributian  of  the  third  electrical  nerve  to  the  stomneh,  after  sending  its  principal  partiui  I 
to  the  eleelrical  organ,  it  would  seem  analogous  to  the  Sth  pair.  The  electrical  serra  J 
in  the  GymnolUB  are  believed  to  nnse  from  the  spinal  marrow  alone;  and  those  oTIto  J 
Silutus  are  partly  intercoatak  and  partly  belong  to  the  Sth  pair.  ^M 
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other  may  remain  uninjured.  If  the  nerves  he  partially  destroyed  on  either 
or  both  sides,  the  power  is  retained  by  the  portion  of  the  organs  still  in 
connection  with  the  brain.  The  same  effects  are  produced  by  tying  the 
nerves,  as  by  cutting  them.  Even  sUces  of  the  organ  entirely  separated  from 
the  body,  except  by  a  nervous  fibre,  may  exhibit  electrical  properties. 
Discharges  may  be  excited  by  irritation  of  the  brain  when  the  nerves  are 
entire,  or  of  the  part  of  the  divided  trunk  distributed  on  the  organ ;  but, 
on  destroying  the  fourth  lobe  of  the  brain,  which  is  peculiarly  connected 
with  respiration,  the  electric  power  of  the  animal  ceases  entirely.  It  b 
remarkable  however  that,  after  the  section  of  the  electrical  nerves,  Torpedos 
appear  more  lively  than  before  the  operation,  and  actually  Uve  longer  than 
others  not  so  injured,  but  which  were  excited  to  discharge  frequently. 
Poisons  which  act  violently  on  the  nervous  system  have  a  striking  effect 
upon  the  electrical  manifestations  of  these  fish ;  thus,  two  grains  of  muriate 
of  Morphia  were  found  by  Matteuci  to  produce  death  after  about  ten 
minutes,  during  which  time  the  dischai^s  were  very  numerous  and  power- 
ful ;  and  Strychnia  also  excited  powerful  discharges  at  ^rst,  succeeded  by 
weaker  ones,  the  animals  dying  in  violent  convulsions.* 

581.  That  the  power  which  causes  muscular  contraction  is  the  same 
which  enables  the  Electrical  fishes  to  give  sensible  manifestations  of  Elec- 
tricity, cannot,  after  the  facts  now  enumerated,  be  deemed  an  improbable 
siqpposition.  The  connection  of  the  organs  specially  appropriated  to  these 
functions  with  the  nervous  system,  the  dependence  of  their  functions  upon 
the  int^;rity  of  this  connection  and  upon  the  will  of  the  animal,  the  influ- 
ence of  stimulation  appUed  to  the  nervous  centres  or  trunks,  the  effect  of 
ligature  as  well  as  section  of  the  nerves,  and  the  corresponding  effects 
of  poisonous  agents  in  both  cases,  all  tend  to  show  an  analogy  so  strong, 
that  it  b  scarcely  possible  to  refuse  assent  to  the  identity  of  the  influence 
oommunicated  by  the  nervous  system  in  each  case.  Still,  however,  no  proof 
can  be  derived  from  this  source,  of  the  identity  of  nervous  influence  with 
galvanic,  or  any  other  form  of  electricity ;  since  all  that  can  be  stated  is, 
that  by  the  influence  of  the  nervous  system  on  one  organ,  electricity  is 
generated, — and  that  by  its  action  on  another,  sensible  contraction  is  pro- 
duced. The  property  of  generating  electricity  may  be  as  much  peculiar  to 
the  special  organs  which  we  find  for  accumulating  it,  as  that  of  contractility 
to  muscular  fibre ;  and  its  manifestation  may,  after  all,  be  dependent  upon 
some  molecular  changes  excited  by  the  influence  of  the  nerves,  to  which 
the  evolution  of  electricity  may  be  due.  Upon  this  subject  we  can  at 
present  only  speculate. 

582.  Regarding  the  uses  of  the  Electrical  organs  to  the  animals  pos- 
sessing them,  no  very  certain  information  can  be  given.  It  is  doubtful  to 
what  extent  their  power  is  subservient  to  the  prehension  of  food,  which  was 

*  Matteuci,  Philosophical  Magazine,  Feb.  1838. 
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once  supposed  to  have  been  their  principal  object ;  since  it  is  known  that 
the  Gymnotus  eats  very  few  of  the  fishes  which  it  kills  by  its  dischai^ ; 
and  young  Torpedos  kept  by  Dr.  Davy  for  five  months  ate  nothing,  though 
supplied  with  small  fishes  both  dead  and  alive,  but  nevertheless  increased 
in  strength  and  in  electrical  energy.   The  electric  power  of  young  Torpedos 
is  much  less  exhaustible  than  that  of  the  adults ;  this  is  readily  accounted 
for  by  the  fact  of  the  greater  energy  of  the  vital  processes  in  young  than  in 
old  animals.     Dr.  D.  experienced  shocks  from  foetal  fish,  which  he  was 
removing  from  the  abdomen  of  the  parent.     He  beheves  that  the  electric 
action  may  assist  the  function  of  respiration,  by  decomposing  the  water  in 
the  neighbourhood  of  the  gills,  when  the  animal,  being  buried  in  sand  or 
mud,  might  be  unable  to  obtain  the  requisite  supply  of  oxygen  in  the  ordi- 
nary way ;  but  its  chief  use  he  considers  to  be  to  guard  the  fish  firom  its 
enemies.     Another  function,  however,  may  not  improbably  be  influenced 
by  it, — that  of  digestion ;  and  this  in  two  ways.    It  is  well  known  that  the 
vital  properties  of  Hving  tissues  are  so  completely  destroyed  by  a  violent 
electric  discharge,  that  they  are  disposed  to  pass  more  readily  than  in  other 
cases  into  decomposition,  the  incipient  stage  of  which  is  fiivourable  to 
digestion ;  the  shortness  of  the  intestinal  canal  of  the  Torpedo  would  seem 
to  render  some  assistance  of  this  kind  pecuHarly  necessary.    The  process  of 
digestion  may  also  be  aided  by  the  continued  action  of  electricity  throng^ 
the  nerves  of  the  stomach,  which  have  been  mentioned  to  be  peculiarly 
connected  in  the  Torpedo  with  those  of  the  Electrical  organs ;  a  supposition 
which  derives  some  confirmation  from  the  fact  mentioned  by  Dr.  Dan-, 
that  digestion  appeared  to  be  arrested  in  an  individual  which  had  been 
exhausted  by  frequent  excitement  to  discharge  itself ;  it  should  be  kept  in 
view,  however,  that  the  general  depression  of  the  system  may  have  been 
the  cause  of  the  check  put  to  the  process.    It  is  not  imlikely,  as  Dr.  Roget 
has  suggested,  that  the  electrical  organs  may  communicate  to  the  fish  per- 
ceptions of  electrical  states  and  changes  in  the  surrounding  bodies  (very 
different  from  any  that  we  can  feel),  in  the  same  way  as  other  organs  of 
sense  convey  perceptions  with  regard  to  light  and  sound.    Such  perceptions 
may  be  conceived  to  be  very  useful  and  pleasurable  to  animals  living  in  the 
dark  abysses  of  the  waters. 
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CHAPTER  XIII. 

REPRODUCTION    OF   ORGANISED    BEINGS. 

General  Considerations, 

583.  If  the  changes  which  living  heings  undergo  during  the  period  of 
their  existence,  and  the  termination  of  that  existence  hy  the  separation  of 
their  elements  at  a  period  more  or  less  remote  from  their  first  comhina- 
tion,*  he  regarded  as  distinguishing  them  in  a  striking  and  evident  man- 
ner from  the  masses  of  inert  matter  which  surround  them,  still  more  is 
their  diflPerence  manifested  in  the  extraordinary  series  of  processes,  which 
constitute  the  function  of  Reproduction.  It  need  scarcely  he  pointed  out 
that  the  Earth  would  soon  he  depopulated  of  its  tenants,  were  not  the 
power  of  continuing  their  respective  races,  by  the  creation  of  new  beings, 
superadded  to  those  with  which  individuals  are  endowed,  for  the  mainte- 
nance of  their  own  perfection  of  structure  and  activity  of  condition.  It  was 
the  communication  of  this  power  to  the  first-created  organism  of  each 
species  which  occasioned  its  multipHcation  and  diffusion ;  it  is  by  its  con- 
tinued operation  that  the  causes  destructive  to  the  existence  of  individuals 
are  prevented  from  aifecting  the  permanency  of  the  race ;  and  it  is  the 
failure  of  the  conditions  requisite  for  its  exercise,  which  leads  to  the 
extinction  of  the  species,  or  the  disappearance  of  the  race  from  the  surface 
of  the  globe. 

584.  A  very  imnecessary  degree  of  mystery  has  been  spread  aroimd 
the  exercise  of  this  function,  not  only  by  general  enquirers,  but  by 
scientific  physiologists.  It  has  been  regarded  as  a  process  never  to  be 
comprehended  by  man,  of  which  the  nature  and  the  laws  are  aUke  inscru- 
table. A  fair  comparison  of  it,  however,  with  other  functions,  will  show 
that  it  is  not  in  reaUty  more  wonderful  or  more  recondite  than  any  one  of 
them ; — that  our  acquaintance  with  each  depends  upon  the  facihty  with 
which  it  may  be  submitted  to  investigation ; — and  that,  if  properly  en- 
quired into  by  an  extensive  survey  of  the  animated  world,  the  real  cha- 
racter of  the  process,  its  conditions,  and  its  mode  of  operation,  may  be 

*  This  change  appears  to  be  what  esscntiallj  constitutes  the  Death  of  any  individual 
part.  So  long  as  a  tissue  retains  its  normal  constitution,  and  is  acted  upon  by  the  re- 
quisite stimuli,  so  long  it  may  perform  vital  actions ;  even  though  the  organism  in 
general  should  have  undergone  that  dissolution  of  its  functions,  by  the  destruction  of 
some  essential  link  in  their  chain,  which  constitutes  Somatic  death.  Any  cause,  there- 
fore, which  produces  the  latter,  will  occasion  the  former,  only  by  the  interception  of 
those  renovating  changes  which  are  necessary  to  maintain  the  organisation  of  every  part, 
and  to  prevent  it  from  undergoing  spontaneous  decomposition  even  during  life.  (See 
§19.) 
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understood  as  completely  as  those  of  any  other  vital  action.  It  is  hoped 
that,  in  the  following  outline,  the  philosophical  pursuit  of  such  an  enquiiy 
will  be  shown  to  be  perfectly  consistent  with  the  purest  delicacy  of  feeling ; 
so  that  the  general  as  well  as  the  professional  reader  may  enter  upon  it 
without  reserve. 

585.  It  has  been  formerly  stated  (§  270)  that,  in  its  most  general 
condition,  the  Amction  of  Reproduction  may  be  considered  a  part  of  that 
of  Nutrition ;  since,  like  almost  all  the  members  of  the  Vegetable  King- 
dom, the  lowest  and  simplest  Animals  are  made  up  of  a  number  of 
similar  parts,  which  are  capable,  if  separated  naturally  or  artificiaUy,  of 
maintaining  an  independent  existence,  although  originally  composing  bat 
a  single  individual.  This  plan  of  reproduction  combined  with  nutrition  is 
especiaUy  manifested  in  the  simpler  Algse  and  Fungi,  where  every  distinct 
cell  may  be  regarded  as  an  extension  of  the  original  being,  or  as  consti- 
tuting a  new  one.  These  are  instances  of  pecuUarly  honnogeneous  structure,— 
each  part  hving  for  itself,  and  contributing  but  Httle  to  the  maintenance  of 
others.  The  more  heterogeneous  (§  242)  a  fabric  becomes,  however, — that 
is  to  say,  the  more  difference  is  manifested  in  the  structure  and  properties 
of  its  individual  parts, — ^the  less  title  has  any  one  to  be  regarded  as  a  sepa- 
rate individual,  since  it  cannot  maintain  an  independent  existence^  nor 
reproduce  the  entire  structure.  In  the  higher  Plants,  for  example,  where 
the  absorbent  surface  is  distinct  from  the  exhalant  and  respiratory  surface, 
neither  one  of  these  is  sufficient  to  maintain  life  independently  of  the 
other,  and  no  part  can  separately  exist  which  does  not  combine  both. 
But,  even  here,  the  simplicity  of  this  combination  occasions  it  to  be  very 
frequently  repeated  through  the  fabric  :  and  each  leaf-bud  has  the  power, 
when  removed  from  the  parent,  of  reproducing  the  entire  structure,  if  the 
essential  conditions  be  afforded  to  it.  Although,  therefore,  a  more  special 
reproductive  apparatus  is  here  developed,  the  function  still  retains,  to  a 
certain  extent,  the  general  form  which  originally  characterised  it ;  and 
when  this  special  apparatus  is  explained,  it  will  be  perceived  to  be  a  con- 
centration, as  it  were,  of  that  general  form,  and  not  something  entirely 
new  and  superadded  to  it. 

586.  Among  Animals,  also,  the  same  connection  of  the  Reproductive 
with  the  Nutritive  function  may  be  very  distinctly  traced ;  and  although 
it  is  only  in  the  lowest,  that  the  general  condition  of  the  former  is  mani- 
fested so  apparently  as  in  plants,  it  may  still  be  traced  vdthout  difficulty 
even  in  the  highest.  We  have  seen  that,  among  the  classes  composing  the 
sub-kingdom  Radiata,  there  is  usually  an  extraordinary  capability  in 
each  part  of  the  fabric  to  reproduce  the  whole ;  the  minute  cuttings  of  a 
single  Hydra,  for  instance,  developing  themselves  into  single  polypes ;  a 
portion  of  the  gelatinous  flesh  of  one  of  the  compound  Polypifera  gradually 
becoming  a  complex  and  massive  structure ;  and  a  single  arm  of  the  Star- 
ch reproducing  the  rest.     In  some  of  these  classes  we  observe,  as  in  the 
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Algee,  an  occasional  spontaneous  separation  of  parts  of  the  parent  struc- 
ture, for  the  production  of  new  ones ;  and  this  may  be  regarded  as  leading 
us  towards  the  more  special  form  which  the  reproductive  apparatus 
assumes,  both  in  them  and  the  higher  Animals.  Among  many  of  the 
lower  Articulata,  also,  the  segments  of  the  body  appear  to  be  capable 
of  producing  new  individuals  ;  and  in  some  of  the  marine  AnneUda,  their 
separation  is  said  to  take  place  spontaneously,  like  that  of  the  articulated 
Algse.  In  the  Planaria,  a  power  of  reproducing  the  whole  body  exists  in 
each  principal  division  of  it,  so  as  almost  to  rival  that  possessed  by  the 
Hydra.  But,  among  the  higher  Vermiform  tribes,  the  power  of  maintain- 
ing a  separate  existence,  and  of  reproducing  the  entire  structure,  is  Umited 
to  the  division  including  the  head.  Proceedmg  to  still  more  heterogeneous 
beings,  it  is  foimd  that  a  mutilation  apparently  less  in  degree  is  fatal  to 
the  existence  of  both  portions,  because  the  organ  which  is  removed  has  no 
repetition  in  the  remainder  of  the  fabric,  and  is  quite  incapable  of  deve- 
If^ing  new  parts  entirely  dissimilar  to  itself.  Nevertheless  it  may  be  per- 
ceived that,  even  in  the  highest  animals,  there  is  considerable  power  of 
regenerating  lost  parts,  which  may  be  regarded  as  the  remnant  of  that 
general  capability  of  reproduction  which  is  so  remarkable  in  the  lower, 
and  which  has  here  been  superseded  by  the  development  of  a  more  special 
apparatus.  The  formation  of  new  claws  and  legs  by  Crustacea,  Spiders, 
kc.,  has  already  been  noticed  (§  84, 5)  ;  this  takes  place  more  readily  in 
young  than  in  old  individuals ;  and  many  larva  of  Insects  have  the  power 
of  reproducing  antennee,  legs,  &c.,  which  have  been  lost,  whilst  the  perfect 
Inflect  is  unable  to  do  so.  The  reproductive  power  of  some  Mollusca  is 
very  considerable.  The  head  of  the  Snail  has  been  known  to  be  replaced 
tfter  being  cut  off,  provided  the  cephalic  gangHon  (§  699)  is  not  injured ; 
bat  for  this  r^neration,  a  constantly-elevated  temperature  is  said  to  be 
necessary. 

587.  Even  Vertebrata  exhibit  similar  remarkable  phenomena  in  no 
inoonsiderable  degree.  In  Fishes,  the  reproductive  power  is  confined  to 
the  fins,  which  are  sometimes  regenerated  after  being  lost  by  accident  or 
disease.  In  many  Reptiles,  however,  especially  among  the  order  Batra- 
doBL,  it  is  much  more  energetic.  In  the  Salamander,  for  example,  new 
l^  with  perfect  bones,  nerves,  muscles,  &c.,  are  reproduced  after  the  loss 
or  severe  injury  of  the  original  ones  ;  and,  in  the  Triton,  a  perfect  eye  has 
been  formed  to  replace  one  which  had  been  removed.  In  the  true  Lizards, 
the  tail  when  lost  appears  to  be  restored ;  the  new  part  contains  no  perfect 
vertelNTse,  however,  but  merely  a  cartilaginous  column  like  that  of  the 
lowest  fishes.  In  Mammalia  in  general,  as  in  man,  the  power  of  repro- 
ducing entire  organs  appears  to  be  much  less  considerable ;  but  each  tissue 
is  capable  of  regenerating  that  of  its  own  kind ;  and,  as  this  process  of 
renovation  is  constantly  taking  place  in  the  Hving  body,  nutrition  has  beew 
not  unjustly  spoken  of  as  a  perpetual  generation.     This  poviet  as  Ttfy«\i«t^> 
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perhaps,  more  remarkably  manifested,  than  in  the  re-formation  of  a  whole 
bone,  when  the  original  one  has  been  destroyed  by  disease.  The  new 
bony  matter  is  thrown  out,  sometimes  within,  and  sometimes  around,  the 
dead  shaft ;  and  when  the  latter  has  been  removed,  the  new  structure 
gradually  assumes  the  regular  form,  and  all  the  attachments  of  muscles, 
hgaments,  &c.,  become  as  complete  as  before.  A  much  greater  variety 
and  complexity  of  actions  are  involved  in  this  process,  than  in  the  repro- 
duction of  whole  parts  in  the  simpler  animals ;  though  its  effects  do  not 
appear  so  striking.  It  would  seem  that  in  some  individuals  this  regene- 
rating power  is  retained,  to  a  greater  degree  than  by  the  class  at  large  ;* 
and  that  in  the  early  period  of  development,  as  in  the  lower  class  of 
animals,  it  is  more  energetic  than  in  the  perfect  condition.  On  this  sup- 
position, at  least,  it  is  easy  to  accoimt  for  the  occurrence  of  supemumeniy 
parts,  and  even  for  the  duplicity  of  a  considerable  portion  of  the  body,— 
as  in  monsters  possessing  two  heads  with  one  trunk,  or  one  head  with  two 
trunks,  or  a  superabundance  of  extremities.  These  are  just  such  as  nuiy 
be  produced  in  the  Hydra  or  the  Planaria  by  the  partial  division  of 
their  bodies.  Perfect  double  monsters,  however,  where  two  complete 
bodies  exist  (as  in  the  Siamese  twins),  obviously  result  from  the  union  of 
two  separate  germs. 

588.  The  separation  of  parts  of  the  parent  structure  into  new 
individuals,  whether  this  be  naturally  or  artificially  effected,  constitutes, 
therefore,  the  simplest  and  most  general  form  of  Reproduction,  and  that 
which  is  connected  most  closely  with  the  function  of  Nutrition.  It  may 
be  manifested  in  various  ways, — as  in  the  separation  of  the  whole  struc- 
ture into  portions,  which  takes  place  in  such  articulated  Algae  as  the 
Dlatoma  (§  101)  ; — the  formation  of  gemmae  or  bulbs  (§  89)  by  the  Mar- 
chantia.  Mosses,  &c.,  which  drop  off  when  mature,  and  continue  the  race, 
or  remain  attached  to  the  parent ; — the  evolution  of  buds  in  the  flowering 
plant,  which  may  or  may  not  continue  as  part  of  the  individual  structure ; 
— the  production  of  young  Poljrpes  from  the  sides  of  the  parent  (§  149);— 
the  spontaneous  division  into  two  equal  halves,  which  is  the  principal 

*  One  of  the  most  curious  and  well-authenticated  instances  of  this  kind  is  related  by 
Mr.  White  in  his  work  on  the  Regeneration  of  Animal  and  Vegetable  substances,  1785, 
p.  16.     "  Some  years  ago,  I  delivered  a  lady  of  rank  of  a  fine  boy,  who  had  two  thumbs 
upon  one  hand,  or  rather,  a  thumb  double  from  the  first  joint,  the  outer  one  less  than  the 
other,  each  part  having  a  perfect  nail.     When  he  was  about  three  years  old,  I  was 
desired  to  take  off  the  lesser  one,  which  I  did ;  but  to  my  great  astonishment  it  grew 
again,  and  along  with  it,  the  nail.     The  family  afterwards  went  to  reside  in  London, 
where  his  father  showed  it  to  that  excellent  operator,  William  Bromfield,  Esq.,  surgeon 
to  the  Queen's  household  ;  who  said,  he  supposed  Mr.  White,  being  afraid  of  damaging 
the  joint,  had  not  taken  it  wholly  out,  but  he  would  dissect  it  out  entirely,  and  then  H 
would  not  return.      He  accordingly  executed  the  plan  he  had  described,  with  great  dex- 
terity, and  turned  tlie  ball  fairly  out  of  the  socket ;  notwithstanding  this,  it  grew  again. 
and  a  fresh  nail  was  formed,  and  the  thumb  remained  in  this  state.*' 
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means  of  reproduction  in  several  Animalcules ; — and  the  separation  of  the 
parts  of  Auuiilose  auimnls  just  now  adverted  to.  On  comparing  these 
instances  together,  it  will  be  seen  that  they  all  correspond  in  essential  cha- 
racter,— the  new  being  originating  in  a  peculiar  development  of  that  which 
previously  constituted  an  integrant  part  of  the  parent  structure  ;  although 
it  may  be  sometimes  rather  difficult  to  say  which  of  the  beings,  that  have 
been  the  subjects  of  a  proci^ss  of  this  kind,  is  to  be  considered  as  the 
parent.  Upon  this  general  condition  of  the  fimctioa,  the  more  special 
one  may  be  regarded  as  engraflied  ;  and  this  consists  in  the  development, 
from  some  particular  spot  in  the  parent  structure,  of  a  germ,  which  from 
the  flrat  is  destined  to  reproduce  the  being,  and  which,  if  not  sepiwated 
from  its  parent  in  the  ordinary  course,  ceases  to  exist.  All  the  forms  of 
gporuliferova,  oriparous,  and  rimpamus  reproduction  may  be  reduced  to 
this  general  expression  ;  and  they  will  he  found  to  coincide  in  this  essential 
particular,  and  to  differ  chiefly  in  the  mode  and  degree  of  the  assistance 
provided  for  the  development  of  the  germ,  when  no  longer  organically 
united  to  its  parent.* 

589.  These  general  views  must  not  be  concluded  without  allusion  to 
two  important  questions  regarding  the  production  of  living  beings,  viz., 
whether  they  are  capable  of  originating  from  the  mere  combination  of 
inorganic  elements,  by  the  process  wliich  has  been  termed  spontaneous 
generation ;  or  whether  they  may  he  evolved  from  organised  beuigs  dis- 
similar to  themselves,  through  any  irregularity  in  their  functions,  or  by 
the  incipient  decay  or  degeneration  of  their  tissues,  by  the  process  termed 
tieocal  generation.f     The  affirmation  of  the  first  question  has  been 
ijntained  by  many  philosophers,  who  have  regarded  all  matter  as,  in 
Ue  sort,  animated ;  and  although  it  has  been  [irincipally  urged  in  refer- 
e  to  the  lowest  classes  of  beings,  it  does  not  seem  possible  to  limit  its 
plication,  if  it  be  really  valid.     For  it  may  be  easily  shown  that  facts 
:  the  same  class,  as  those  which  appear  to  support  the  belief  that  Fungi 
'  Infosorial  animalcules  may  be  spontaneously  developed,  would  lead  to 
e  supposition  that  the  higher  classes  of  Plants  and  Animals  arc  subject 
the  same  law.  J     But  some  naturaUsts  of  the  present  time  are  disposed 

'  It  wil!  be  hereafter  seen  (g  mi)  that  the  ci>i. 
u  eontained  within  its  utenm,  ie  verj-  fi 
IJch  it  hod  with  the  ovum  whilst  in  the  a\^t 
rif  completely,  as  in  birds  or  otlipr  ovipnmiL-i 
iJTCe  itt  nutriment  tVom  the  parent,  by  me.iTi 
like  thnt  of  aplant  wilii 
It  of  one  put  of  the  stmeture  with  ^inotln'r. 
■)■  TheK  two  terms  have  been  u-  ■ 
which  ia  here  drawn  is  an  In  , . 

Z  For  on  instance  of  this  kind  so 
Bppi-ariiiH  oa  the  surface,  uhere^ 
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to  admit  this  also,*  and  to  account  for  the  changes  in  the  races  of  Plants 
and  Animals  which  geological  researches  reveal,  hy  the  supposition  that, 
as  old  species  became  extinct  from  natural  causes,  new  ones  might  arise 
from  the  inherent  tendency  in  all  matter  to  become  organised :  and  that 
an  elephant  or  an  oak  (and  why  not  a  man?)  might  be  produced  by 
spontaneous  or  accidental  combinations  of  its  elements.  Such  a  doctrine, 
which  is  evidently  more  improbable  in  itself  than  the  explanation  it  is 
designed  to  supersede,  it  may  not  perhaps  be  easy  positively  to  refute; 
but  the  whole  weight  of  analogy  is  completely  against  it ;  whilst  not  even 
the  shadow  of  a  valid  proof  has  been  adduced  in  its  favour. 

590.   The  second  question,  however,  is  one  to  which  there  is  much 
difl&culty  in  replying  satisfactorily ;  and  it  would,  perhaps,  be  better  to 
leave  it  without  decision  of  any  kind,  until  more  extended  researches  shall 
have  furnished  more  positive  data.     Our  belief  that  the  new  beings  formed 
by  the  process  of  Reproduction  always  closely  resemble  the  parent  stock, 
is  certainly  founded  upon  a  limited  induction  from  observations  made 
upon  the  higher  classes  only  of  Plants  and  Animals.   Reasons  have  already 
been  given  (§  94,  99)  for  the  opinion  that  the  same  germ  may  assume  Teiy 
dissimilar  forms  according  to  the  circumstances  under  which  it  is  deve- 
loped ;  and,  knowing  as  we  do  how  readily  the  simpler  classes  of  organised 
beings  are  affected  by  changes  in  their  external  conditions,  it  is  not  dif- 
ficult to  admit  the  possibiUty  of  their  forms  being  thus  greatly  modified, 
as  well  as  of  the  continued  propagation  of  the  varieties  thus  produced. 
Some  very  curious  observations  upon  the  reproduction  of  Lichens  support 
this  view.     The  special  reproductive  particles  which  are  formed  in  the 
shields  (§  99)  of  the  higher  species  are  capable  of  developing  themselves 
into  the  same  specific  forms  :  while  the  powdery  matter  of  their  surface, 
and  of  other  individual  parts  of  their  structure,  may  separately  exist  in 
the  condition  of  inferior  species. f     It  appears  very  difficult,  and  indeed 
almost  impossible,  without  some  admission  of  this  kind,  to  account  for 
the  production  of  parasitic  plants  and  animals  in  the  interior  of  others. 
That  their  germs  have  been  conveyed  from  without  into  the  situations 
where  they  are  developed,  must  be  held  as  a  very  forced  supposition, 
when  it  is  considered  that  they  are  often  much  larger  than  the  vessels  by 
which  they  must  have  been  transported  ;  and  that,  in  many  instances,  the 
animals  which  produce  them  are  not  known  to  exist  anywhere  but  in  the 
living  body.     Entozoa  have  been  found  even  in  eggs  ;  they  also  appear  in 

seeds  brought  by  the  wind  and  developing  themselves  wherever  the  soil  was  favourable, 
or  from  germs  pre-existing  in  the  soil  or  in  the  alkaline  matter :  and  this  is  all  that  is 
needed  to  account  for  the  constant  development  of  the  parasitic  Fungi  upon  decajing 
organised  substances,  and  is  much  more  easily  supposed  with  regard  to  them,  from  the 
minuteness  of  their  germs,  and  the  provisions  obviously  made  for  their  extensive  diffusion. 

*  See  Dr.  Weissenbom  in  Lond.  and  Edinb.  Philos.  Magazme,  July,  1838. 

t  Lindley's  Natural  System  of  Botany,  p.  331,  2. 
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various  diseased  states  of  vegetables ;  and  they  seem  to  exist  constantly 
in  certain  parts  of  Mosses,  &c.,  which  have  been  supposed  to  be  connected 
with  the  reproductive  function.  There  is  probably  scarcely  an  animal  in 
which  parasites  of  this  kind  might  not  be  discovered  at  some  period  of 
existence;  and  even  the  intestinal  worms  are  themselves  infested  with 
£ntozoa  of  inferior  species. 

591.  It  is  often  very  difficult,  moreover,  to  distinguish  between  a  dege- 
neration of  structure,  and  a  growth  entirely  new ;  and  there  are  some 
forms  which  appear  to  connect  the  two.  Thus,  the  simple  Acephalocyst 
(§  129)  seems  composed  of  nothing  else  than  layers  of  condensed  albumen ; 
and  it  differs  in  nothing,  but  its  want  of  connection  with  the  surrounding 
parts,  &om  the  serous  cysts  which  are  morbid  growths  of  no  unfrequent  oc- 
currence in  the  annual  body.  And,  on  the  other  hand,  the  various  forms  of 
cancerous  structure  have  been  maintained,  with  no  small  reason  (§  73),  to 
be  of  a  parasitic  character.  The  difficulty  of  distinguishing  in  Plants 
between  diseased  growths  and  new  organisms  has  been  already  alluded  to 
(§  95y  96)  ;  and  the  appearance  of  certain  apparently  vegetable  growths  in 
the  bodies  of  Hving  Animals  adds  to  this  difficulty  (§  97).  Nor  is  such  a 
hypothesis  inconsistent  with  what  is  known  of  the  nutritive  processes  in 
their  normal  and  abnormal  condition.  It  has  been  shown  that  all  the  solid 
tissues  of  the  body  are  formed  from  its  alimentary  fluids ;  and  observation 
of  diseased  actions  shows  us  that  portions  of  these  fluids  are  capable  of 
passing  from  an  unorganised  to  an  organised  condition,  by  virtue  of  their 
inherent  properties  (§  424).  Now,  although  the  new  tissues  thus  formed 
usually  become  part  of  the  general  structure,  by  forming  a  connection  with 
those  in  their  neighbourhood,  it  is  not  difficult  to  suppose  that  a  variation 
in  this  process  might  give  rise  to  the  production  of  a  new  individual 
of  inferior  form ;  especially  when  we  bear  in  mind  how  closely  the  nutri- 
tive and  reproductive  functions  are  united  in  the  lowest  groups  of  living 
beings.  It  may  be  reasonably  concluded,  then,  that  if  there  is  not  yet 
sufficient  evidence  for  the  establishment  of  such  a  hypothesis,  there  is  at 
least  enough  to  prevent  us  from  rejecting  it  as  altogether  absurd  or  unten- 
able. From  these  general  views  we  must  now  pass  to  the  consideration  of 
the  Ainction  of  Beproduction  in  its  special  form. 

Reproduction  in   Vegetables.* 

592.  It  is  particularly  necessary  for  the  acquirement  of  accurate  ideas 
on  this  subject,  to  discard  all  preconceived  notions  derived  from  the  study 
of  any  one  t3rpe  of  structure,  and  to  form  our  opinions  only  from  the  facts 
which  observation  successively  brings  before  us.     And  in  regard  to  this, 

•  The  Author  deems  it  just  to  himself  to  state,  that  he  should  not  have  ventured  to 
introduce  the  following  doctrines  (manj  of  which  he  believes  to  be  original)  into  the 
l^resent  work,  had  thej  not  received  the  sanction  of  several  eminent  BotKQ\«\&. 
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more  than  almost  any  other  of  the  functions,  there  is  a  peculiar  advan- 
tage in  first  studying  its  simplest  form,  in  order  to  obtain  that  knowledge 
of  its  essential  character,  which  cannot  be  derived  from  its  more  com- 
plex conditions,  without  such  an  analysis  as  the  nature  of  the  enquiry 
forbids.  It  is  desirable,  also,  to  keep  in  view  the  principles  which  have 
been  so  frequently  dwelt  upon,  of  the  gradual  speciaUsation  of  the  various 
functions  witnessed  in  ascending  the  scale  ;  for  we  shall  find  that,  whilst 
in  the  lowest  and  simplest  plants,  the  whole  structure  partakes  in  the 
function  of  Reproduction,  as  well  as  in  those  of  Absorption,  Respiration, 
&c.,  a  very  small  part  is  appropriated  to  it  in  the  highest  orders,  but  that 
part  is  destined  to  no  other  ofl&ce.  Thus,  however  paradoxical  it  may 
appear  to  say  that  the  Protococcus  nivalisy  or  any  other  simple  plant,  is 
all  pollen,  it  will  appear  that  this  expression  may  be  as  legitimately 
applied  to  it  as  that  of  all  root,  which  has  been  shown  to  be  deserved  by 
it  (§  290). 

593.  Each  vesicle  of  the  Protococcus  contains  a  number  of  little 
minute  granules,  which  may  be  observed  to  increase  within  the  parent 
cell,  and  at  last  to  rupture  their  envelope,  and  escape  from  its  cavity.  If 
their  separation  take  place  in  water,  they  are  observed  to  have,  for  some 
time,  a  spontaneous  motion  in  the  fluid ;  and  in  their  turn  they  develope 
themselves  into  new  cells,  which  are  burst  asunder  by  the  embryos  con- 
tained within  them.  This,  then,  may  be  regarded  as  the  simplest  form 
of  the  Special  function  of  Reproduction.  The  whole  of  the  parent  struc- 
ture is  concerned  in  the  development  and  nutrition  of  the  germs ;  and  these, 
in  liberating  themselves  from  their  envelope,  at  the  same  time  destroy 
its  individuality.  The  same  process  will  be  found  to  take  place  in  the 
highest  plants,  with  this  difference, — that  as  the  whole  system  is  not 
concerned  in  the  formation  of  the  embryo,  but  only  a  very  small  portion 
of  it,  that  portion  alone  ceases  to  exist  as  soon  as  its  fimction  is  performed, 
the  life  of  the  parent  remaining  uninjured.  In  the  higher  Cryptogamia, 
the  reproductive  cells,  containing  the  germs,  are  distinct  from  the  rest  of 
the  structure,  and  are  developed  only  from  a  particular  part  of  it ;  they 
are  denominated  spores.  And  in  the  Phanerogamia  this  is  also  the  case, 
the  reproductive  cells  being  there  termed  pollen  ;  but  an  additional  organ 
is  here  developed,  for  the  purpose  of  receiving  and  nourishing  the  embryo 
on  its  first  liberation,  and  of  thus  enabling  it  to  advance  ultimately  to  a 
more  exalted  condition  than  it  could  have  attained,  if  left  to  its  own 
resources  from  the  beginning.  In  all  instances  the  reproductive  cells 
have  essentially  the  same  character.  They  contain  an  immense  number 
of  minute  granules,  swimming  in  fluid,  and  endowed  with  a  peculiar 
spontaneous  motion,  which  may  be  observed  both  before  and  after  their 
liberation.* 

*  This  curious  fact  is  a  very  strong  argument  in  favour  of  the  analogy  here  dra*"" 
between  the  spore  and  pollen-grain.    The  most  remarkable  instances  of  the  motion  are 
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594.  In  the  higher  alga,  where  several  cells  unite  together  to  fonn 
one  individual,  a  certain  separation  of  their  Unctions  takes  place, — some  of 
the  cells  containing  no  reproductive  granules  or  germs,  and  others 
evolving  them  most  abundantly.  This  may  be  particularly  noticed  in 
the  Confervoid  tribes;  and  it  is  among  them  that  the  phenomenon  of 
spontaneous  motion  is  most  obviously  presented.  The  granules  are  first 
seen  on  the  interior  walls  of  the  fertile  cells,  as  unformed  green  dots, 
which  gradually  assume  a  more  definite  aspect,  and  at  last  separate 
themselves  from  their  attachment,  and  move  freely  within  the  cell.  After 
a  period  of  continued  restlessness,  one  part  of  the  containing  cell  is 
observed  sHghtly  to  protrude,  and  in  a  short  period  to  open  in  such  a 
manner  as  to  permit  the  exit  of  the  granules.  These  move  very  regularly 
for  some  time  in  the  surrounding  fluid  (Fig.  61,  a);  but  at  last  they 
attach  themselves,  and  commence  their  development  into  new  plants. 
The  first  change  is  one  of  form  only,  the  granule  becoming  elongated  into 
an  oval  (Fig.  62,  a).  After  a  little  time,  the  green  matter  which  it  con- 
tains is  separated  by  a  delicate  partition,  which  subsequently  becomes 
more  decided ;  and,  by  a  succession  of  divisions,  and  by  the  increase  of  each 
cell  thus  formed,  a  prolonged  filament  is  produced  (5,  c).*  A  precisely 
similar  process  takes  place  in  many  of  the  marine  Algse,  such  as  the 
Ulva  clathrattty  which  has  usually  from  three  to  six  granules  enclosed  in 
each  of  the  cells  forming  its  frond ;  these  escape  by  a  pore,  and  exhibit  a 
certam  degree  of  spontaneous  motion,  although  not  so  evidently  as  those 
of  the  Confervee.  Their  early  development,  however,  follows  exactly  the 
same  course ;  for  the  first  change  in  the  granules  is  manifested  by  their 
elongation  into  filaments,  so  that  the  young  plant  resembles  a  Conferva. 
Subsequently,  however,  these  filaments  present  a  double  row  of  cells,  and 
gradually  increase  in  breadth,  so  as  to  form  the  foUaceous  expansion 
peculiar  to  this  tribe.  The  immediate  cause  of  the  movement  of  these 
reproductive  granules  has  not  been  ascertained.  They  do  not  seem 
possessed  of  anjrthing  resembUng  cilia ;  but  Agardh  imagines  that  they 
are  propelled  by  the  vibrations  of  a  Httle  beak  or  prolongation  with  which 
they  appear  to  be  provided. f 

t 
among  the  Algee,  where  the  reproductive  cells  and  their  contained  granules  are  large,  and 

occup7  a  large  proportion  of  the  plant.  It  has  been  noticed  also  in  the  spores  of  the 
higher  Cryptogamia,  and  in  the  pollen  of  Flowering-plants.  When  these  cells  are 
brought  into  contact  with  water,  they  burst  and  expel  their  contents  with  considerable 
force,  and  the  granules  exhibit  a  more  or  less  evident  motion  in  the  surrounding  fluid. 
This  motion  differs  in  its  character  from  that  which  may  be  witnessed  in  the  minute  par- 
ticles of  most  solid  bodies  when  suspended  in  water, — which  are  known  under  the 
name  of  active  or  moving  molecules. 

*  The  appearance  of  this  division,  which  is  peculiar  to  the  Confervae,  may  perhaps 
result  from  the  development  within  each  cell  of  two  others,  the  walls  of  which  will  form 
a  kind  of  partition  where  they  press  against  each  other. 

t  Annales  dee  Sci.  Nat.  N.  S.  Botan.,  Octobre,  1836 ;  these  ob^tN^Wc^iv^  \wtQ  \k<g^^tv 
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595.  These  evident  movements  are  not,  however,  exhibited  by  the 
reproductive  granules  of  all  the  Algae  ;  for  those  of  the  FucoideiB  (a  tribe 
which  includes  many  of  the  common  sea-weeds)  would  seem  to  be  entirely 
inactive.  The  members  of  this  family  are  chiefly  inhabitants  of  the 
depths  of  the  ocean ;  and  the  simple  gravitation  of  their  embryos  appears 
to  conduct  them  to  a  place  fit  for  their  development.  In  the  more  com- 
plex organisms  of  this  class,  we  find  a  considerable  specialisation  in  the 
Reproductive  system  ;  since,  instead  of  the  granules  being  hberated  firoin 
the  cells  of  the  whole  structure,  a  particular  portion  of  the  surface  is 
appropriated  to  their  formation,  or  even  special  external  organs  are 
evolved  as  receptacles  for  them.  Thus,  in  the  Floridece,  the  granules  are 
either  collected  into  groups  on  the  general  surface  of  the  frond  (fore- 
shadowing the  8ori  of  the  Ferns),  or  on  little  separate  leaflets,  or  enclosed 
in  distinct  cells  which  may  be  regarded  as  analogous  to  the  spores  of  the 
higher  Cryptogamia,  although  much  larger  in  proportion  to  the  size  of  the 
entire  fabric.  In  such  plants  as  the  common  Fucus  vesiculosus  (bladder- 
wrack),  the  reproductive  granules  are  not  only  enclosed  in  distinct 
cells,  which  separate  altogether  from  the  parent  when  mature,  but  these 
cells  are  themselves  evolved  from  a  special  receptacle.  Still  the  same 
plan  is  followed  in  its  essential  particulars;  for  the  germs  are,  at  the 
proper  epoch,  hberated  from  the  cell  by  a  pore,  just  as  in  the  Confenra, 
and  commence  their  development  in  the  same  manner.  It  is,  then, 
evident  that  the  principal  difierence  between  the  reproductive  cell  of  the 
Conferva,  and  that  of  the  Fucus,  consists  in  this  ; — that  the  former  con- 
stitutes an  integrant  part  of  the  general  structure,  (in  the  Protococciis, 
indeed,  it  forms  the  whole  of  it),  the  function  it  has  to  perform  not  yet 
being  hmited  to  a  portion  of  the  plant ; — ^whilst  in  the  latter,  the  repro- 
ductive cellules  are  developed  only  in  particular  situations,  (several  being 
united  in  a  common  receptacle,  the  first  indication  of  a  theca,)  and  their 
separation  does  not  interfere  with  the  nutritive  functions  of  the  plant. 

596.  In  the  lichens  and  fungi  the  function  appears  to  be  performed 
in  a  manner  essentially  the  same  with  that  already  described.  Begimiing 
with  the  lowest  in  each  tribe,  we  find  the  reproductive  granules  contained 
in  the  cells  which  constitute  the  entire  plant ;  and,  as  we  ascend  towards, 
their  higher  forms,  we  observe  them  gradually  restricted  to  particular 
spots,  and  enclosed  in  special  envelopes.  In  some  Lichens,  however, 
which  never  evolve  a  special  reproductive  apparatus,  we  find  propagation 
carried  on  by  httle  bodies  analogous  to  buds  or  gemnuBy  which  are  sepa- 
rated from  the  surface.  This  is  never  the  case  in  the  Fungi,  whose  whole 
structure  appears  devoted  to  the  perfection  of  the  reproductive  system. 
The  more  simple  forms  of  this  group  have  already  been  noticed  (§  92, 9^)\ 
and  from  these  we  might  pass,  by  almost  imperceptible  gradations,  to  the 

confirmed  by  others  more  recently  made  by  M.  M.  Crouan,  and  published  in  the  same 
Periodical,  Oct  1839. 
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most  complex^  such  as  the  common  Mushroom.  Here  a  separation 
between  the  nutritive  and  reproductive  systems  is  effected,  by  the  stalk 
which  elevates  the  pileus  or  cap  above  the  roots ;  in  the  hymenium  or 
fructifying  membrane  that  forms  this  portion,  are  found  certain  elongated 
tubes  lying  side  by  side,  which  have  received  the  name  of  aaci  ;  and  these 
contain  the  fertile  cells  or  spores,  which  enclose  the  granules  or  real  germs 
(Fig.  57). 

597.  Passing  from  these  to  mosses,  we  find  the  spore-cases  or  theca 
(as  they  are  termed  in  the  higher  Cryptogamia)  more  completely  separa- 
ted from  the  nutritive  system.  Their  structure  and  position  in  this  group, 
as  also  in  the  Marchantia  and  the  ferns,  have  been  already  sufficiently 
described  (§  86-89) ;  but  though  these  are  so  variable,  the  essential  cha- 
racter of  their  contained  parts  remains  the  same  in  all.  We  observe, 
however,  in  ascending  the  scale,  that  each  spore  occupies  a  smaller  and 
smaller  proportion  of  the  entire  plant,  and  that  the  reproductive  system 
becomes  more  and  more  independent  of  the  nutritive.  The  development 
of  the  spore,  however,  must  be  more  particularly  described ;  its  early 
stages  will  be  found  to  correspond  essentially  in  all  the  classes  here 
brought  together ;  and  the  ultimate  differences  seem  to  depend  principally 
upon  the  degree  of  development  which  each  attains.  Although  Botanists 
have  laboured  to  discover  the  existence  of  a  second  set  of  reproductive 
organs  in  these  classes,  analogous  to  those  which  exist  in  Phanerogamia, 
none  such  has  been  demonstrated;*  and  the  notion  that  reproduction 
cannot  take  place  without  a  reaction  between  two  different  systems,  is 
founded  only  on  observation  of  the  process  as  performed  in  the  higher 
plants,  and  is  entirely  inconsistent  with  what  has  been  hitherto  witnessed. 
The  capability  of  producing  a  germ  which  may  develope  itself  into  a  new 
plant,  seems  to  be  an  essential  property  of  the  cells  which  have  been 
designated  as  reproductive;  just  as  the  power  of  developing  additional 
vesicles,  which  may  remain  parts  of  the  same  organism,  is  an  attribute  of 
those  which  belong  to  the  nutritive  system.  The  spore  appears  to  consist. 
Eke  the  pollen-granule,  of  two  coats,  of  which  the  outer  one  is  somewhat 
dense,  and  the  inner  of  extreme  deUcacy.  The  contained  granules,  when 
the  spore  is  mature,  may  be  seen  to  swim  freely  in  the  fluid  which  fills 
the  cells.  The  first  change  which  is  noticed  during  the  development  of 
the  spore,  is  the  rupture  or  separation  of  the  outer  coat,  and  the  protru- 
sion of  the  inner  one,  in  the  form  of  filamentous  tubes  ;  of  these  several 
are  seen  in  the  Mosses,  but  usually  one  or  two  only  in  the  Marchantia 
and  in  Ferns  (Fig.  53,  b).  These  tubes  are  seen  to  contain  the  moving 
green  granules  which  appear  to  be  the  germs  of  the  future  structure ;  and 
insulated  portions  of  them  are  capable  of  reproducing  the  plant,  when 

*  The  so-called  anthers  of  Mosses,  Liverworts,  &c.,  have  not,  in  the  opinion  of  the 
best  Cryptogamic  Botanists,  any  influence  on  the  production  of  geima  itom  V\ve  >iN\^t«. 
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separated  fi*oin  the  original  cell.  By  the  deyelopment  of  these  gnmules, 
new  cells  are  formed^  which  unite  together  into  single  rows,  and  these 
afterwards  increase  laterally,  so  that  a  fotiaceons  expansion  is  formed 
(Fig.  63,  fl,  6,  c,  64.)*  In  the  germination  of  Marchantia,  observed  by 
Mirbel,f  the  cells  at  first  formed  do  not  exhibit  any  particular  regaltaitj 
of  apposition  (Fig.  53);  but  afterwards  they  become  compressed  against 
each  other,  and  adhere  closely.  In  these  instances,  the  new  plant  evi- 
dently takes  its  origin  fi*om  the  germs  contained  within  the  spore  or 
reproductive  cell,  although  no  absolute  emission  of  them  occurs  as  in  the 
Algse.  The  foliaceous  expansion  first  formed  gradually  assumes,  in  the 
Marchantia,  the  aspect  of  the  perfect  plant, — ^radical  fibres  being  protruded 
fi*om  its  lower  surface,  and  stomata  being  formed  on  the  upper ;  but  in 
the  Ferns  it  has  only  a  temporary  character,  and  decays  away,  when  the 
true  stem  and  leaves  are  evolved  from  it  in  the  manner  represented  in 
Fig.  65.  This  may  be  termed  the  primary  /rand ;  and  it  will  be  found 
strictly  analogous  to  the  cotyledon  or  seed-leaf  (§  75,  76)  of  Flowering- 
plants.  The  Marchantia,  therefore,  stops  short  at  a  stage  beyond  whidi 
Ferns  pass ;  and  consequently  presents,  as  its  permanent  condition,  what 
is  only  a  transitory  form  of  higher  structures. 

598.  In  a  little  group  of  plants  termed  MarsileacciB,  which  have  been 
ordinarily  associated  with  the  Ferns,  we  have  the  first  appearance  of  anj 
organ  superadded  to  those  designed  for  the  evolution  of  the  spore.  This 
consists  of  what  is  termed  an  owle  ;  which  is  a  receptacle  adapted  to 
receive  the  germ,  and  to  forward  its  development  by  means  of  the  store 
of  nutriment  it  contains.  In  the  Marsilea,  the  thecee  containing  the 
spores  (analogous  to  the  anthers  of  flowering  plants)  are  enclosed,  with 
the  ovules,  in  a  common  envelope  (Fig.  74)  ;  and  the  communication 
between  them  seems  to  be  direct  (Fig.  7 5)-  The  spores  will  not  of  them- 
selves produce  new  plants,  neither  will  the  ovules ;  since  the  germs  con- 
tained in  the  former  require  to  be  assisted  in  their  development,  and  the 
latter  must  be  fertilised  by  the  introduction  of  a  germ.  This  process 
appears  here  a  very  simple  one,  being  effected  by  the  direct  communication 
which  exists  between  the  two  organs.  In  the  Flowering  plants,  of  which 
this  may  be  regarded  as  one  of  the  least  developed  forms,  a  more  complex 
apparatus  is  usually  found ;  but  it  only  serves  the  same  purpose  in  a 
different  manner. 

599.  According  to  the  views  here  taken,  therefore,  the  essential  part 
of  the  reproductive  system  of  the  Phanerogamia  consists,  as  in  the 
Cryptogamia,  of  an  organ  for  the  production  of  vesicles  containing  germs, 
here  termed  the  anther ;  and  the  part  which  distinguishes  it  is  supe^ 
added,  for  the  purpose  of  giving  that  assistance  to  the  early  development 
of  these   germs,  which  seems  in  all  instances  to  be  required,  where  a 

*  See  Mr.  Henderson's  paper  in  the  Magazine  of  Zoology  and  Botanj,  voL  i. 
f  Nouv,  Ann.  du  MuBeum,  torn.  iii. 
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complex  and  highly-organised  structure  is  ultimately  to  he  produced.  Late 
researches  on  the  process  of  fertilisation  have  shown^  that  the  function  of 
the  parts  which  constitute  the  pistil,  is  simply  to  convey  to  the  ovules, 
contained  in  the  ovarium  at  its  hase,  the  germs  Uherated  from  the  pollen- 
grain.  When  this  is  emitted  hy  the  anther  (as  the  spore  from  the  theca 
of  a  Cryptogamous  plant),  it  does  not  immediately  become  subservient  to 
the  influence  of  external  agents,  and  owe  its  subsequent  evolution  to  the 
nutriment  which  it  obtains  from  the  surrounding  elements  alone  ;  but  the 
germs  it  contains  are  received  into  another  part  of  the  structure,  and  sup- 
plied not  only  with  present  aliment,  already  prepared  for  organisation, 
but  with  a  store  which  may  serve  to  continue  their  development,  for  some 
time  after  their  final  separation  from  the  parent.  The  changes  which 
take  place  in  the  pollen-grain,  when  it  is  brought  in  contact  with  the 
moist  surface  of  the  stigma,  are  exactly  equivalent  to  those  which  have 
been  described  as  occurring  in  the  spore.  The  outer  envelope  separates 
in  one  or  more  points ;  and  the  inner  tunic  is  protruded  in  the  form  of 
tubes,  which  contain  some  of  the  granules  that  might  have  been  previously 
seen  freely  moving  within  their  cell.  These  tubes  insinuate  themselves  (in 
the  maimer  represented  in  Fig.  68)  along  the  lax  tissue  of  the  style,  and 
may  be  traced  to  the  ovarium.  There  they  enter  the  openings  which,  up 
to  that  time,  have  been  left  in  the  outer  membranes  of  the  ovules,  in  whose 
cavities  nothing  but  a  quantity  of  fecula  and  mucilaginous  fluid  previously 
existed ;  but  the  granules  in  the  pollen-tube,  thus  introduced  into  each 
OTule,  gradually  increase  at  the  expence  of  these  materials,  and  are  deve- 
loped into  the  first  cells  of  the  new  plant,  just  as  are  those  of  the  Mar- 
chantia  or  Ferns.  The  germ  continues  to  increase,  by  absorbing  into  its 
tissue  the  gummy  matter  contained  in  the  seed,  until  it  finally  either 
occupies  the  whole  ovulum,  or  shares  it  with  the  separate  albumen  (§  7G), 
The  maturity  of  the  seed  is  a  period  of  cessation  in  its  actions ;  and  it  then 
arrives  at  a  state  of  development  in  which  it  may  remain  dormant  for  a 
considerable  period, — ^until,  in  fact,  the  stimuli  requisite  for  its  further 
evolution  shall  be  supplied  to  it  (§  190). 

600.  In  the  early  development  of  the  embryo  of  the  Phanerogamia 
within  the  ovule,  we  may  observe  an  essential  correspondence  with  the 
evolution  of  the  germs  of  the  Ferns  or  other  Cryptogamia ;  and  we  may 
also  trace  a  general  analogy  between  its  transitory  conditions  at  difierent 
epochs,  and  those  which  are  permanent  in  the  lower  classes.  In  its  earliest 
recognisable  appearance,  it  is  a  mere  set  of  vesicles  filled  with  fluid,  and 
may  be  regarded  as  representing  the  simplest  plants  (Figs.  66,  67)  ;  but  as 
new  cells  are  developed,  it  becomes  analogous  to  Algse  of  somewhat  more 
complex  structure.  It  soon  begins,  however,  to  expand  laterally,  so  as  to 
form  a  Cotyledon,  a,  which  will  be  single  or  double  according  to  the  class 
to  which  it  belongs.  When  the  seed  is  mature  and  separated  from  the 
parent,   it   requires  warmth,   moisture,   and  the  pteaence  oi  o^^^'iw  \» 
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Ktunolate  its  Aurther  derelopment,  and  to  enable  it  to  oonrert  into  organiaed 
stnictare.  the  store  of  aliment  which  it  contains.  Where  the  eoCrledont 
are  fleshj  (the  albumen  baring  been  taken  into  their  substance),  they 
shrivel  and  £dl  off  as  soon  as  their  store  is  exhausted ;  but  where  thej  are 
leafy  (the  albumen  remaining  separate),  they  come  to  the  sur&oe»  aoqpre 
a  green  tint,  possess  stomata  on  their  cuticle,  and  perform  fcnr  a  time  the 
functions  of  true  leaves,  until  these  are  evolved.  As  yet,  the  fibro-vascokr 
system  is  but  imperfectly  developed,  the  young  plant  consisting  of  lit- 
tle more  than  cellular  substance ;  and  at  this  period  it  may  be  regarded  as 
exactly  representing  the  Marchantia  and  other  similar  plants,  which  posses 
stomata  on  their  fronds  or  foliaceous  expansions ;  since  these  fironds,  being 
analogous  to  the  primary  fronds  of  Ferns,  are  truly  permanent  Cotyledom,* 
In  a  short  time  the  plnmula  (§  7^)  ascends,  bearing  with  it  the  rudimen- 
tary leaves,  which,  becoming  developed,  repeat  in  a  much  more  perfect 
manner  the  functions  previously  performed  by  the  cotyledons,  and  com- 
mence the  formation  of  woody  fibre.  The  plant  is  now  arrived  at  a  stage 
of  its  growth  which  may  be  compared  with  that  of  the  Ferns  ;  it  is  not 
until  a  somewhat  later  period  that  we  can  trace  the  true  spiral  vessels, 
which  are  confined  to  Flowering-plants;  and  we  must  wait  for  ftdl  maturity, 
liefore  that  special  form  of  the  reproductive  system  is  evolved,  which  marb 
the  entire  completion  of  the  development. 

601.  In  tracing  the  progressive  evolution  of  the  special  Reproductire 
apf)aratus  in  Plants,  we  observe  that,  although  it  is  graduaUy  separated 
from  the  nutritive  system,  in  proportion  as  we  ascend  the  scale,  it  is  never 
entirely  diseonnected  with  it.  It  was  formerly  stated  that  all  the  parts  of 
the  flower  may  be  regarded  as  metamorphosed  leaves  (§  80)  ;  or,  more 
correctly,  as  metamoq)}iosed  forms  of  the  elements  of  which  leaves  are  the 
types.  Even  the  stamens  and  carpels  are  proved,  by  the  frequent  occur- 
rence of  monstrosities,  to  have  this  character.  The  former  often  present 
the  fij)pearance  of  leaflets,  thickened  at  their  edges  by  the  formation  of 
))ollen  ;  and  these  reproductive  vesicles  are  themselves  found,  by  observa- 
tion of  their  early  development,  to  differ  but  little  in  essential  character,  or 
in  mode  of  production,  from  any  other  form  of  cellular  tissue.  The  carpels, 
moreover,  are  i)roved  to  be  leaves,  not  only  by  such  monstrosities  as  the 
one  formerly  mentioned,  but  by  the  fact  of  their  bearing  ovules  at  their 
edges ;  for  these  ovules  are  essentially  buds  (as  may  be  seen  in  particular 
abnormal  instances),  like  those  developed  from  the  edges  of  various  leaves, 
such  as  those  of  the  Malaxis  paludosa  (Bog-orchis),  and  Bryum  calydmm 
(one  of  the  air-})lants  of  the  tropics),  which  are  capable  of  developing  them- 
selves cither  separately  or  while  still  attached  to  the  parent  structure.  The 
sj)ecial  rej)roductive  organs  of  the  Cryptogamia  might  probably  be  reduced 

*  The  very  curious  analogies  to  the  Animal  kingdom  here  presented,  have  abead)' 
l)eeii  pointed  out  in  §  4o2  and  493 ;  and  the  former  may  be  referred  to  for  a  curious  cor- 
resiJOiidence  between  the  condition  of  a  germinating  seed  and  a  growing  Fungus. 
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to  similar  elements^  if  their  monstrosities  were  observed ;  thus,  the  sort  of 
the  Ferns  have  been  seen  to  be  replaced  by  clusters  of  leaflets,  each  of  them 
representing  a  metamorphosed  theca. 

[The  account  of  the  development  of  the  Phanerogamia  given  in  the  fore- 
going paragraphs,  will  be  found  to  have  a  general  correspondence  with  that 
recently  put  forth  by  Schleiden.*  The  view  is  one,  however,  to  which  the 
Author  had  been  previously  led,  by  the  comparison  of  the  process  of  deve- 
lopment of  Cryptogamia  from  their  spores,  with  what  was  known,  through 
the  researches  of  Brown,  Brongniart,  and  others,  of  the  actual  contact 
between  the  pollen-tube  and  the  ovule  in  Flowering-Plants.  The  sub- 
stance of  it  was  made  pubhc  by  him  in  the  autumn  of  1837.t  ^^  ^^ 
since  become  aware  that,  so  far  as  the  analogy  between  the  spore  and  pol- 
len-grain is  concerned,  he  had  been  anticipated  by  three  eminent  Botanists, 
— ^Mohl,  Mirbel,  and  Morren, — ^with  whose  writings  on  the  subject  he  was 
at  that  time  unacquainted.  The  most  important  fact  substantiated  by 
Schleiden' s  observations,  is  (as  it  appears  to  him)  that  the  first  cells  of  the 
embryo  are  developed  within  the  pollen-tube,  of  which  the  portion  that 
enters  the  ovule  is  usually  much  dilated, — and  that  the  pollen-tube  and  its 
contained  cells  may  often  be  withdrawn  from  the  ovule,  some  time  after  the 
complete  formation  of  the  latter.  This  statement  has  since  been  confirmed 
by  several  other  Physiologists ;  amongst  others,  by  Mr.  Griffith,  J  in  his 
valuable  paper  on  the  development  of  the  ovule  in  Santalum  album  ;  and 
also  by  Meyen,  although  his  view  of  the  process  is  not  the  same.  The 
Author  di£Pers  widely  from  Schleiden,  however,  in  his  idea  of  the  formation 
of  the  embryo ;  which  is  considered  by  the  latter  to  take  its  origin  in  the 
pollen-tube  itself, — ^it  being  argued  that  it  cannot  be  produced  from  the 
granules  contained  in  that  tube,  since  these  are  shown  by  microscopico- 
eheinical  examination  to  consist  merely  of  starch.  To  the  Author  it 
appears  clear,  that  the  pollen-granules  are  analogous  to  the  reproductive 
granules  Uberated  from  the  cells  of  the  Algae,  which  are  certainly  the 
germs  of  new  cells  from  which  the  entire  plants  originate  ;  and  their 
chemical  nature  is  by  no  means  different  from  that  of  the  granules  which, 
on  Schleiden' s  own  view  (§  408),  are  concerned  in  the  formation  of  ordi- 
dary  cells.  Moreover,  the  observations  of  Meyen§  appear  to  have  fully 
substantiated,  that  the  dilated  pollen-tube  is  concerned,  with  the  mem- 
brane previously  lining  the  ovule,  in  the  formation  of  the  embryo-sac,  in 
which  the  germ  is  subsequently  enveloped.  By  Schleiden  and  other  Ger- 
man Botanists,  the  doctrine  of  the  sexuality  of  Plants  has  been  relinquished, 

•  Wiegmann's  Archiv.,  1837,  translated  in  Philo8.  Magazine,  1838. 

+  In  a  course  of  Lectures  delivered  by  him  at  the  Bristol  Institution ;  and  in  a  Note 
in  Brit,  and  For.  Med.  Review,  vol.  iv.  p.  561. 

X  Linnsean  Transactions,  vol.  xvii. 

§  Neues  System  der  Pflanzen-Physiologie,  band  m.  *,  and  Ann.  des  Sciences  Naturelles, 
1841,p.212et8eq. 
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on  grounds  which  appear  to  the  Author  to  be  very  erroneous.  By  Meyen, 
on  the  other  hand,  it  has  been  upheld,  on  grounds  which  he  cannot  help 
regarding  as  equally  erroneous.  The  observations  of  the  last-named 
eminent  physiologist  in  no  respect  run  counter  to  the  doctrine  advanced 
by  the  Author, — that  the  first  cells  of  the  embryo  of  Phanerogamia  are 
developed  from  the  germs  contained  in  the  pollen-tube,  as  are  those  cf 
Cryptogamia  from  germs  included  in  the  spore  ;  the  difference  being,  that 
the  former  receive  a  special  nourishment  from  the  elaborated  materia}8 
presented  to  them  in  the  ovule,  of  which  the  latter  are  destitute.  It  is 
presumed  by  Meyen,  who  cannot  abandon  his  pre-conceived  notion  of  an 
admixture  of  male  and  female  elements,  that  the  first  cells  of  the  embryo 
are  the  conjoint  product  of  the  granular  contents  of  the  internal  sac  of  the 
ovule,  and  of  the  pollen-tube,  which  he  speaks  of  as  intermingling  through 
an  opening  which  forms  between  their  cavities.  The  Author  considers, 
however,  that  the  more  simple  explanation  which  he  has  given,  is  not  only 
much  more  conformable  to  the  phenomena  of  Reproduction  in  Crypto- 
gamia, but  is  perfectly  consistent  with  all  that  we  know  of  this  process  in 
Animals.  How  far  the  phenomena  of  hybridity  are  opposed  to  it  will  be 
hereafter  considered  (§  665).  The  embryo,  both  of  Plants  and  Animals, 
arises  from  a  single  cell ;  and  a  single  cell  must  have  a  single  germ.] 

Reproduction  in  Animals, 

602.  Although,  among  the  lower  tribes  of  the  Animal  kingdom,  we  may 
recognise  the  same  simple  and  general  condition  of  the  reproductive  sys- 
tem, as  that  which  has  been  shown  to  exist  in  Plants,  it  is  in  the  higher 
classes  much  more  completely  specialised,  and  its  relation  with  the  nutri- 
tive system  is  much  less  obvious.  This  is  an  evident  result  of  the  peculiar 
complexity  and  heterogeneous  character  of  the  more  perfect  Animal  organ- 
isms ;  for  these  prevent  the  employment  of  the  mode  of  propagation,  by 
mere  extension  of  some  part  of  the  original  structure,  which  is  carried  to 
so  great  an  extent  even  in  the  highest  Plants.  The  only  forms  under 
which  this  mode  of  reproduction  (which  is  but  a  peculiar  operation  of  the 
nutritive  system)  manifests  itself,  have  been  already  noticed  (§  586,  587) ; 
but  some  additional  particulars  may  here  be  mentioned.  In  the  gemmi- 
parous  propagation  observed  in  many  of  the  polypes,  the  new  being  is 
obviously  nothing  but  an  increased  development  of  a  part  of  the  parent 
structure,  and  exactly  corresponds  with  the  bud  of  a  plant ;  a  similar 
mode  of  increase  seems  to  exist  in  some  of  the  simpler  entozoa,  where 
the  young  sprout  from  the  interior  of  the  cavity  of  the  parent,  and  swim 
about,  after  their  separation,  in  its  contained  fluid.  The  fissiparous  gene- 
ration, as  it  is  called,  is  evidently  but  another  form  of  the  same  plan  ;  the 
parent  structure  not  putting  out  a  smaller  and  younger  bud,  but  dividing 
itsel"  into  parts,  of  which  each  has  the  power  of  reproducing  the  whole.  It 
is  anion":  the  infusoria  that  this  mode  is  most  characteristicallv  seen. 
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Thus,  the  Parttnueeium  divides  itself  transversely,  the  division  at  first  ap- 
pearing like  a  notch,  and  gradually  extending  itself  across  the  hody,  until 
the  halves  are  completely  separated  (Fig.  94,  a).  Some  species  of  Vor- 
HcelUe  divide  themselves  longitudinally  in  like  manner  (Fig.  77 ^  b)  ;  and 
instances  still  more  curious  might  he  mentioned.  Amongst  many  higher 
Animals  this  mode  of  increase  is  practised,  as  already  stated ;  but  it  is 
seldom  that  a  more  special  reproductive  apparatus  is  not  also  developed. 
The  ohject  of  this  apparatus,  in  Animals  as  in  Plants,  is  to  form  and 
mature  a  germ,  which,  from  the  time  of  its  first  organisation,  is  destined 
to  be  the  rudiment  or  embryo  of  a  new  being,  and  which  is  separated  from 
its  parent,  (in  the  first  instance  at  least,  §  588  note,)  in  a  form  altogether 
dissimilar  to  that  which  it  is  ultimately  to  assimie.* 

603.  The  di£Perent  means  provided  in  the  Animal  kingdom  for  the  evolu- 
tion and  maturation  of  germs,  and  the  early  processes  of  development  in 
these,  will  now  be  considered  in  their  general  aspects.  As  in  the  Vegetable 
kingdom,  it  will  be  found  that  there  is  throughout  an  essential  correspond- 
ence in  the  function,  however  different  its  manifestations  may  appear. 
There  is  yet  much  uncertainty,  however,  regarding  its  condition  in  many 
of  the  lower  classes  of  Animals  ;  and  it  will  therefore  be  better  to  confine 
the  present  outline  to  the  description  of  the  principal  types  which  may  be 
recognised  as  distinct.  The  first  distinction  in  the  character  of  the  repro- 
ductive bodies  liberated  from  the  parent,  corresponds  with  that  ah*eady 
pointed  out  in  the  Vegetable  kingdom ;  for  we  find  in  the  sponges  an 
evolution  of  gemmules,  probably  analogous  to  the  granules  emitted  by  the 
Algee  (§  593,  4),  which  are  formed  by  one  set  of  organs  only,  and  appear 
to  consist  of  nothing  but  the  germ  of  the  future  being,  unprovided  with 
any  supply  of  nutriment  for  assisting  its  early  growth.  But  there  is  reason 
to  believe  that,  in  all  the  higher  classes  of  Animals,  an  (ymim  or  egg  is  pro- 
duced, like  the  seed  of  Phanerogamia,  by  the  concurrence  of  two  sets  of 
oi^ans,  which  are  sometimes  united  in  the  same  individual  (as  in  many 
Badiata  and  Mollusca),  but  are  more  commonly  separated.  This  ovum, 
however,  is  usually  thrown  off  from  the  parent  at  an  earlier  period  of  the 
development  of  the  embryo  than  the  seed  of  Plants ;   but  a  large  store  of 

•  These  views  regarding  the  essential  difference  between  that  general  condition  of  the 
Reproductive  function,  which  is  only  one  application  of  the  Nutritive  processes,  and  the 
special  form  of  it  more  commonly  understood  as  such,  were  suggested  to  the  Author  by 
an  extended  comparison  of  the  modes  of  propagation  in  Plants  and  Animals ;  and  he 
imagined  himself  to  be  unsupported  in  them  by  any  other  authority.  He  is  most  happy 
to  find,  however,  that  so  eminent  a  physiologist  as  Burdach  has  taken  the  same  view. 
This  author  has  employed  distinct  terms  to  characterise  the  different  types  of  the  func- 
tion, which  may  be  best  understood  from  their  French  synonymes ; — generation  accrt- 
menHHelle,  or  propagation  by  addition  to  the  fabric  of  the  individual,  designating  the 
gfst ; — and  gtneration  secrementiiielle,  or  propagation  by  separate  germs,  being  applied 
to  the  second. — Ehrenberg  also  has  recently  expressed  the  opinion  that  the  gemmiparous 
and  fifisiparous  modes  of  reproduction  are  essentially  the  same. 
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nutriment  is  provided  for  it,  upon  which  it  subsists  until  competent  to 
obtain  its  own  support.  Sometimes  the  ova  are  retained  within  the  body 
of  the  parent  until  the  young  are  hatched,  so  that  they  come  forth  ahve ; 
the  animal  is  then  said  to  be  ovo-viviparous.  In  the  true  viviparous  form 
of  reproduction,  which  is  confined  to  the  mammalia,  the  ovum  is  never 
furnished  with  more  than  a  very  small  store  of  nutriment  for  the  inci- 
pient development  of  the  embryo  ;  this  being  adapted  to  gain  a  new  and 
peculiar  attachment  to  the  parent,  which  affords  it  a  direct  and  continual 
supply. 

604.   In  all  Animals  which  form  a  true  ovum,  whether  that  be  fully 
developed  within  the  body  or  not,  the  concurrence  of  two  sets  of  organs 
analogous  to  those  described  in  Plants,  is  a  necessary  condition  ;  the  office 
of  one  being  to  prepare  the  ovule  with  its  nutritious  store  and  membranous 
envelopes ;   and  of  the  other,  to  communicate  to  that  ovule  a  fertilising 
influence.    What  the  nature  of  that  influence  is — ^whether  to  introduce  the 
germ  which  has  been  prepared  by  itself,  or  merely  to  stimulate  the  evolu- 
tion of  that  already  contained  in  the  ovule, — ^has  not  yet  been  positively 
ascertained.     The  analogy  supphed  by  the  Vegetable  kingdom  would  cer- 
tainly countenance  the  first  supposition ;   but  this  is  a  case  in  which  it 
would  be  dangerous  to  push  analogy  too  far,  if  it  were  unsupported  by 
other  facts.     The  result  of  the  latest  enquiries,  however,  adds  strength  to 
the  opinion ;   and  the  essential  character  of  this  function  will  probably  be 
found,  on  a  fair  examination,  to  be  precisely  the  same  in  the  two  kingdoms. 
Although  the  fertilising  influence  is  usually  communicated  to  the  ova  whilst 
yet  contained  in  the  ovarium,  as  in  Plants,  there  are  many  instances  in 
which  it  is  not  applied  until  after  they  have  been  extruded  from  the  canal 
which  conveys  them  from  it ;  this  is  the  case  in  most  Fishes  and  Batrachia, 
and  perhaps  also  in  some  other  classes.      In  Animals  whose  reproduction 
is  performed  on  the  first  plan,  the  ova  are  not  unfrequently  extruded  in  a 
sterile  condition,  if  from  any  cause  the  system  be  in  a  state  of  activity,  and 
the  fertilising  influence  be  withheld.     In  the  common  Fowl,  for  instance, 
barren  and  imperfect  eggs  are  not  unfrequently  laid  during  the  whole 
season,  if  the  bird  be  highly  fed,  and  no  fecundation  take  place  ;   but  this 
is  well  known  to  be  very  injurious  to  its  health.     Such  eggs  (commonly 
known  as  pullets^  ^ggs),  though  apparently  the  same  in  structure  as  those 
which  have  been  fertilised,  soon  decompose,  when  submitted  to  the  heat  of 
incubation,  instead  of  undergoing  the  changes  accessory  to  the  development 
of  the  embryo.     This  is  analogous  to  what  occurs  to  the  seeds  of  Plants,  if 
the  influence  of  the  pollen  be  not  communicated  to  them. 

C05.  The  fertihsing  influence  is  communicated  by  the  contact  with  the 
o^Tilum  of  a  fluid,  which  is  called  the  Spermatic  fmd.  This  is  character- 
ised by  the  presence  of  certain  minute  bodies  possessed  of  the  power  of 
independent  motion,  which,  from  this  circumstance,  and  from  their  general 
resemblance  to  some  Infusoria,  have  been  termed  Spermatic  Animalcules 
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or  Spermatozoa,  The  latter  term  is  preferable,  as  it  does  not  inyolve 
any  opinion  as  to  the  independent  life  of  these  bodies,  which  will  be 
seen  to  be  questionable.  The  particular  form  of  the  Spermatozoa  is  dif- 
ferent in  almost  eyerj  species  of  animal  hitherto  examined ;  and  their  size 
bears  no  proportion  to  that  of  the  animal  from  which  they  are  obtained, — 
those  of  the  Mole,  for  example,  being  as  large  as  those  of  Man.  Their 
general  aspect,  however,  is  nearly  the  same  in  all ;  they  present  a  roundish 
or  oval  body,  which  tapers  from  one  side  into  a  long  thread-hke  tail. 
"When  obtained  ^m  a  liying  animal,  or  from  one  recently  killed,  these 
Spermatozoa  present  a  very  remarkable  movement,  the  nature  of  which 
varies  in  different  tribes.  In  general,  the  body  is  propelled  forwards  by 
the  lateral  undulations  of  the  tail,  which  may  either  vibrate  regularly  from 
side  to  side,  or  may  strike  with  a  quivering  sinuous  movement,  as  when  a 
long  whip  is  slightly  shaken.  The  rigid,  outstretched.  Spermatozoa  of  the 
Passerine  Birds,  with  spiral  bodies,  very  commonly  spin  themselves  round 
on  their  axis,  and  advance  in  the  maimer  of  a  piercer  or  screw ;  whilst 
those  of  the  Salamanders  and  Tritons  commonly  he  coiled  up  in  a  circle 
like  a  watch-spring,  and  exhibit  a  jerking  tremulous  movement,  by  which 
they  seem  to  spin  round  in  the  same  circle,  as  if  on  a  pivot.  These  move- 
ments strongly  impress  the  mind  of  the  observer  with  the  idea  of  their 
voluntary  character  ;  but,  if  they  be  compared  with  those  of  the  Infusoria, 
several  points  of  difference  will  be  seen  among  them.  They  are  much 
more  rhythmical, — seeming  as  if  they  were  the  result  of  a  certain  power 
communicated  to  the  bodies,  which  operates  regularly  for  a  certain  time, 
until  expended ;  and  they  do  not  exhibit  those  constant  variations,  inde- 
pendent of  any  external  causes,  which  the  actions  of  true  Animalcules  are 
constantly  presenting.  The  normal  duration  of  the  movements  is  dif- 
ferent in  different  animals  ;  it  appears  to  be  shortest  in  Birds,  being 
frequently  no  longer  visible,  when  the  animal  has  been  dead  for  15  or  20 
minutes ;  whilst  the  Spermatozoa  of  Fishes  will  continue  active  for  several 
days.  Very  low  or  very  high  temperatures  have  a  like  influence  in  arrest- 
ing their  movements ;  but  the  Spermatozoa  of  cold-blooded  animals  are 
less  affected  by  a  low  temperature,  than  are  others.  The  kind  of  death 
which  an  animal  suffers  has  no  influence  on  the  movements  of  its  Sper- 
matozoa. 

606.  The  most  careful  and  extended  observation  has  hitherto  failed  in 
estabUshing,  with  any  certainty,  the  presence  of  internal  organisation  in 
the  Spermatozoa,  like  that  which  may  be  seen  in  the  Infusoria.  The 
utmost  that  can  be  clearly  discerned,  is  a  granular  appearance  in  the  large 
part  or  body  ;  and  sometimes  a  minute  speck  has  been  seen  on  the  middle 
of  its  surface,  which  has  been  regarded  by  some  as  an  orifice  or  mouth, — 
but  this  idea  is  purely  hypothetical.  Looking  at  all  these  facts,  it  cannot 
be  asserted  that  the  Spermatozoa  possess  any  greater  amount  of  inde- 
pendent vitality,  than  do  the  corpuscles  of  the  blood,  ot  XXv^  c^ia*  ^^ 
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membnoioiis  sorfiices ;  the  fonner  preaore  their  power  of  peiRMBiiiig  ^iad 
actions,  after  ther  hare  heen  ranored  fiom  the  IKii^  Tessds  whidi 
ocmtained  them ;  and  the  latto*  persist  in  pof onnio^  their  ranarkaUe 
morement  for  a  period  even  kmger  than  is  seen  in  the  ^pcnnatnaoa 

«  146). 

607.  This  Tiew  of  their  natore  b  stiengthened  hy  the  fiMts  ascertained 
respecting  the  history  of  their  production,  which  may  he  hest  studied  in 
animals  whose  aptitude  for  procreation  is  not  constant  hut  periodical.    The 
Passerine  Birds  are  the  most  adapted  for  this  purpose;  thdr  testes  in- 
creasing with  the  adyance  of  spring,  until  they  attain  twenty  or  eyoi  thirty 
times  the  size  and  weight  they  possess  in  the  winter.     During  this  period, 
there  are  evolved  within  their  cavities  a  numher  of  rounded  transparait 
vesicles,  which  at  first  present  a  single  nucleus  (1%.  2/2),  and  then  two, 
three,  four  (Fig.  2/3),  or  even  as  many  as  ten  (Fig-  2/4) ;  these  nuclei  are 
delicate  granulated  globules,  and  are  probably  to  be  r^arded  as  consisting 
of  a  number  of  cell-germs  (§  409)  aggregated  together.     The  containing 
vesicles  now  increase  in  size,  from  the  ibth  to  the  ikth,  and  finally  to 
the  Jsth,  of  a  line  in  diameter ;  and,  during  their  development,  the  nudd 
appear  to  resolve  themselves  into  a  great  number  of  separate  granules, 
which  occupy  most  of  the  interior  of  the  cell.     Amongst  these,  traces  of  a 
linear  arrangement  are  soon  visible  (Fig.  275) ;  and  in  time  bundles  of 
Spermatozoa,   doubled   upon  themselves,   make  their  appearance.    The 
vesicles  now  assume  an  oval  shape ;  the  globules  are  no  longer  seen ;  the 
granules  diminish  in  quantity,  and  finally  disappear ;  and  the  Spermatozoa 
assume  their  perfect  form  (Fig.  2/6).     They  still,  however,  lie  doubled 
together ;  but  the  vesicle  gradually  elongates,  and  the  contained  bundle  is 
straightened  out  (Fig.  277,  278)  ;  and  at  last  it  bursts,  (probably  by  the 
absorption  of  fluid,  as  it  is  found  to  be  at  this  period  very  hygroscopic,) 
and  the  masses  of  Spermatozoa  escape,  and  gradually  separate  (Fig.  279). 
In  this  history,  a  close  parallel  may  be  traced  with  that  of  the  development 
of  the  fibrous  tissues,  as  formerly  explained  (§  430) ;  and  it  is  scarcely 
possible  to  regard  the  Spermatozoa  in  any  other  fight  than  as  fibreB,  en- 
dowed with  peculiar  properties,  and  destined  to  peculiar  actions.    However 
extraordinary  these  properties  and  actions  may  be,  they  are  not  further 
removed  from  our  means  of  research,  than  are  those  of  other  structures,— 
muscular  and  nervous  fibre,  for  example ;  of  the  cause  of  their  pecuHar 
properties,  we  are  as  ignorant  as  of  those  of  the  Spermatozoa.     That  they 
are  not  generated  from  other  Spermatozoa,  is  a  strong  argument  against  the 
idea  of  their  independent  vitality. 

608.  That  the  Spermatozoa  are  to  be  regarded  as  the  characteristic 
elements  of  the  spermatic  fluid,  just  as  the  corpuscles  are  of  the  blood, 
seems  evident  from  the  following  observations.  They  are  always  present 
in  the  sperm  of  individuals  capable  of  procreation,  during  the  whole  of  the 
Jimited  a'  d  periodically  returning  season  of  heat  among  animals  in  general ; 
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and  in  man,  and  those  domestic  animals  which  are  constantly  apt  for  pro- 
creation, they  may  be  found  during  the  whole  period  of  bodily  vigour,  from 
puberty  to  decline.  They  universally  exhibit  determinate  forms,  which  are 
constant  for  each  species,  and  differ  in  those  which  are  most  nearly  alHed. 
They  constitute  the  greatest  part  of  the  perfectly-elaborated  spermatic 
fluid ;  but  are  absent  or  imperfectly-formed  in  the  sperm  of  hybrid  ani- 
mals, which  are  incapable  of  procreation  with  each  other.  And,  finally, 
their  movements  appear  pecuHarly  adapted  to  bring  them  into  contact  with 
the  ovulum  which  they  are  to  fertiUse.  In  many  animals,  there  are  obvious 
means  by  which  this  contact  is  efl^ected ;  but  in  the  higher  Vertebrata,  in 
which  the  ovulum  is  fecundated  before  it  escapes  from  the  ovarium,  the 
Spermatozoa  have  a  long  and  intricate  journey  to  perform,  before  they  can 
arrive  at  this  spot.  There  is  evidence,  however,  that  they  do  arrive  there ; 
for  they  have  been  seen  by  BischofP  upon  the  ovarium  of  the  Dog,  and 
by  Barry  upon  that  of  the  Rabbit.  Their  transit  is  probably  effected  in 
part  by  their  own  movements,  which  often  cause  them  to  traverse  the  field 
of  the  microscope  with  great  rapidity ;  and  in  part  by  the  action  of  the 
dlia,  which  cover  the  mucous  membrane  that  lines  the  genital  passages. — 
It  should  be  mentioned  that,  besides  the  large  vesicles  or  cysts  of  evolution 
just  described,  the  spermatic  fluid  contains  numerous  smaller  granules, 
which  have  been  regarded  as  altered  epitheUum-cells,  but  which  are  per- 
haps an  earher  condition  of  the  larger  vesicles  (Fig.  271).  These,  also, 
are  more  numerous  in  proportion  to  the  perfect  elaboration  of  the  fluid.* 

609.  In  the  ovulum^  or  unfertilised  ovum,  when  prepared  to  receive  the 
germ,  four  essential  parts  may  be  described  (Fig.  136).  1.  The  Germinal 
Vesicle  (c),  a  simple  cell,  within  which  the  rudiments  of  the  embryo  are  to 
be  subsequently  evolved.  2.  Granules  or  germs  of  new  cells,  contained 
within  the  germinal  vesicle ;  in  most  classes  of  animals,  these  are  aggre- 
gated together,  forming  what  is  termed  the  Germiiml  Spot  (d),  which  is 
evidently  analogous  to  the  cytohlast  of  Schleiden  (§  409)  or  the  nucleus  of 
Schwann  (§  429)  ;  whilst,  in  many  other  instances,  the  germinal  granules 
form  numerous  spots,  or  are  scattered  through  the  vesicle,  f  3.  The 
Fitellus  or  Folk  (b),  surrounding  the  germinal  vesicle;  this  consists  of 
delicate  cells  loosely  aggregated,  of  oil  globules,  and  of  an  albuminous  fluid 
in  which  these  are  imbedded, — ^in  proportions  varying  according  to  the 
class  and  the  period  of  development.  4.  The  Memhrana  Vitelli,  or  Tolk- 
hag  (a),  in  which  these  parts  are  inclosed. 

•  On  this  subject,  see  Wagner's  Physiology,  Part  I. ;  from  which  the  details  contained 
in  the  four  preceding  paragraphs  have  been  almost  wholly  derived. 

+  A  single  Germinal  Spot  has  been  observed  by  Wagner  in  animals  of  nearly  all 
dasMS.  In  Batrachian  Reptiles,  Osseous  Fishes,  and  most  Crustacea,  however,  a  variable 
number  of  spots,  sometimes  amounting  to  twenty,  frequently  present  themselves.  And  in 
many  classes  of  Invertebrata  it  is  not  uncommon  to  find  occasional  examples  of  this 
difitiaed  condition  of  the  germinal  granules,  even  in  species  which  ordinarily  present  them 
in  a  oonoentrated  form. 
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610.  Of  these  parts,  the  Genninal  Vesicle,  with  its  contained  cell-germs, 
is  evidently  the  most  important  in  fimction ;  since  within  it  takes  place  the 
early  development  of  the  embryo,  for  which  the  Yolk  merely  supplies 
the  materials ;  and  it  is  interesting  to  find,  that  it  is  produced  at  an  earher 
period,  than  any  other  constituent  of  the  ovulum.   This  has  been  distinctly 
observed  by  Baer  in  the  MoUusca,  by  Wagner  in  Insects,  and  by  Barry 
in  Vertebrate  Animals.     The  latter  observer  describes  the  first  appearance 
of  the  germinal  vesicle,  in  the  midst  of  the  stroma  or  parenchyma  of  the 
ovarium,  as  a  minute  cell,  surrounded  by  an  envelope  of  peculiar  granules 
of  much  smaller  size,  sometimes  mixed  with  oil-like  globules ;  the  central 
cell  contains  fluid,  which  is  somewhat  cloudy;  and  at  a  later  period  a 
distinct  spot  is  seen  on  its  walls.     A  new  envelope  is  soon  formed  around 
the  layer  of  granules  and  oil-like  globules ;  and  this  may  most  appropriately 
be  termed  the  ovisac*     If  a  thin  section  of  the  ovarium  of  a  Mammiferous 
animal  be  placed  under  the  microscope,  it  will  generally  be  found  to  contain 
a  very  large  number  of  minute  ovisacs ;  within  each  of  which,  a  layer  of 
granules,  surroimding  a  germinal  vesicle,  on  whose  walls  appears  a  spot, 
may  be  distinguished.     These  may  also  be  found  in  large  numbers,  in  the 
substance  of  the  walls  of  other  ovisacs,  which  have  proceeded  further  in 
their  development ;   and  here  they  are  termed  by  Dr.  Barry  (their  dis- 
coverer) parasitic  ovisacs.     At  this  early  period,  the  form  of  the  ovisacs  is 
usually  eUiptical,  and  their  size  extremely  minute, — their  long  diameter 
measuring  in  the  Ox  no  more  than  sk  of  an  inch,  so  that  a  cubic  inch  would 
contain  nearly  two  hundred  millions  of  them.     They  are  at  this  time  quite 
distinct  from  the  stroma  of  the  ovarium  ;  this  forms  a  cavity  in  which  they 
are  loosely  imbedded.    The  ovisacs  may  be  seen  in  the  young  animal ;  but 
they  become  more  distinct  at  the  time  of  puberty ;  and  when  the  season  of 
heat  arrives,  some  of  them  begin  to  develope  themselves  with  much  in- 
creased activity.    This  season  in  most  animals  returns  at  regular  periodical 
intervals,  which  correspond  in  the  two  sexes ;  but  it  is  much  influenced  by 
domestication,  and  by  other  circumstances. f 

611.  In  the  progress  of  the  development  of  the  ovisac  and  its  contents, 
the  first  important  change  is  the  increase  of  the  semifluid  matter  sur- 
rounding the  germinal  vesicle,  and  its  separation  into  two  distinct  portions. 
The  oil-like  globules  cluster  together  aroimd  the  germinal  vesicle,  where  they 
are  interspersed  through  an  albuminous  fluid ;  and  this  portion  constitutes 
the   Yolk.     The   peculiar  granules,   which  are   really  minute  cells  with 

*  This  membrane  has  been  commonly  termed  the  chorion  ;  but  it  does  not  accompany 
the  ovum  when  it  quits  the  ovarium ;  and  the  true  chorion  is  formed  in  the  oviduct. 
See  §  650. 

+  It  is  now  generally  admitted  that  the  monthly  recurrence  of  the  catamenial  dis- 
charge in  the  human  female,  indicates  a  corresponding  state.  That  there  is  a  greater 
aptitude  for  conception  at  this  period,  than  at  any  other,  is  well  known  ;  and  in  women 
who  have  died  suddenly  during  menstruation,  ovula  prepared  for  fertilisation  have  been 
found. 
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extremely  delicate  walls^  arrange  themselves  in  contact  with  the  ovisac.  At 
a  subsequent  period,  the  two  portions  are  separated  by  a  membrane,  which 
forms  between  them ;  and  this  is  the  Yolk-bag.  The  size  of  this,  in  com- 
parison with  the  whole  contents  of  the  ovisac,  varies  in  different  classes  of 
animals.  In  Oviparous  tribes,  there  is  but  Httle  intervening  between  the 
ovulum  and  the  ovisac ;  whilst  in  the  Mammalia,  the  ovulum,  at  the  time 
of  the  full  development  of  the  ovisac,  forms  but  a  small  part  of  its  con- 
tents ; — the  yolk-bag  being  minute,  and  the  surrounding  envelope  of 
granular  fluid  having  a  considerable  thickness.  The  minuteness  of  the 
yolk-bag  in  this  class  is  at  once  accounted  for,  when  it  is  understood  that 
only  in  the  very  earliest  period  of  the  development  of  the  embryo  does  the 
Yolk  serve  for  its  support ; — a  constant  supply  of  nutriment  being  drawn, 
at  a  more  advanced  epoch,  i^om  the  parental  fluids  (§  662).  And  the 
granular  mass  surrounding  the  ovulum  will  be  seen  to  have  functions  of 
great  importance  to  accomplish  (§  649). 

612.  The  extremely  intricate  nature  of  the  question,  and  the  obvious 
difficulties  in  the  way  of  its  full  elucidation,  have  conspired  to  prevent 
Physiologists  from  gaining  a  full  acquaintance  with  the  changes  in  which 
the  fertihsation  of  the  ovum  essentially  consists.  In  fact,  no  absolute 
knowledge  of  this  process  can  be  said  to  have  been  attained,  excepting 
through  Dr.  Barry's  observations  on  the  Rabbit;  and  these  fall  short  of 
what  might.be  desired,  on  the  most  interesting  part  of  the  whole  enquiry. 
The  phenomena  actually  witnessed,  however,  leave  but  little  doubt  of  the 
nature  of  those  still  obscure.  The  Germinal  Vesicle  has  been  supposed  by 
some  Embryologists  to  burst, — by  others  to  dissolve  away, — ^by  others  to 
become  flattened  into  a  membrane,  at  the  time  of  impregnation ;  but  all 
these  ideas,  according  to  Dr.  Barry,  are  erroneous.  When  its  development 
is  so  far  advanced  that  it  is  nearly  ready  for  fertilisation,  it  becomes  somewhat 
opaque,  in  consequence  of  the  formation  of  new  cells  in  its  interior  (Fig. 
242,  h).  These  cells  appear  to  take  their  origin  from  the  germinal  granules 
(which  in  the  Rabbit  are  collected  into  one  spot,  «),  and  they  sprout,  like 
little  granulations,  into  the  interior  of  the  vesicle.  Those  at  the  circum- 
ference of  the  spot  are  developed  first  (Fig.  243)  ;  and  its  centre  is 
frequently  observed  to  remain  pellucid,  constituting  (as  it  would  seem)  the 
nucleolus  of  Schleiden  and  Schwann  (Fig.  245).  As  the  margin  of  the 
germ-spot,  however,  gradually  becomes  converted  into  cells,  this  pellucid 
space  is  itself  seen  to  contain  granules ;  these  enlarge,  so  as  in  time  to 
become  themselves  the  nuclei  or  rudiments  of  new  cells,  whilst  the  pellucid 
central  cavity  is  much  contracted  (Fig.  244).  It  is  at  this  period  that  the 
OYulum  appears  ready  for  fecundation.     (See  §  430.) 

613.  A  remarkable  change  also  takes  place  in  the  position  of  the  parts 
of  the  ovulum.  The  germinal  vesicle,  which  was  previously  in  its  centre, 
comes  to  that  part  of  the  yolk-bag  which  is  nearest  the  surface  of  the 
ovary^  and  over  which  the  ovisac  and  other  enveloping  TcveTcA^Ttrnft^  V^  'Sffi^ 
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bereafter  appear,  $  649)  are  st  the  same  time  being  thinned  by  absorption ; 
and  the  pellucid  centre  of  the  genn-s])ot  is  constantly  seen  to  be  presentpd 
towards  the  surface  at  that  point.  A  protmsion,  and  then  an  oiifice,  iiAer- 
wards  appear  in  the  membranes  of  the  ovum  itself  (Fig.  S-IG,  e)  ;  so  that 
anything  whicJi  entered  from  without,  would  now  find  its  wav  direetly  to 
the  centre  of  the  germinal  spot.  Now  it  is  in  the  centre  of  this  spot,  a* 
will  presently  appear,  that  the  essential  change,  from  the  unfertilized  otbIoio 
to  the  fecundated  ovum,  is  certmnlv  produced ;  and  tills  change  is  chie6_v 
manifested  in  the  appearance  of  two  new  cells  in  the  centre  of  the  grnti- 
spot,  which  gradually  increase  at  the  expense  of  the  others  that  previously 
almost  filled  the  vesicle  (Fig,  247,  a).  At  the  same  time,  the  apertiirr  in 
the  memhranes  of  the  ovum  closes  up  ;  and  the  germinal  vesicle  returns  tn 
the  centre  of  the  yolk.  Looking  at  all  these  phenomena,  in  couiicclirm 
with  the  fact  that,  in  many  animals  the  spermatic  fluid  comes  into  immi^ 
diate  contact  with  the  ovum,  and  that,  in  those  in  which  the  o\*um  is 
fertiliiwd  before  it  leaves  the  ovary,  there  is  a  provision  for  the  conveyanrc 
of  the  seminal  fluid,  or  of  its  essential  parts,  to  that  place, — looking  nlso 
at  the  important  analogy  suppUed  by  the  Vegetable  Kingdom,  in  which  it 
is  now  scarcely  questionable  that  the  germs  of  new  cells,  introduced  inlo 
the  ovule  from  the  pollen-grain,  form  the  rudiments  of  the  future  embryo, — 
it  can  hardly  be  doubted  that  a  similar  process  takes  place  among  Animals : 
and  a  single  observation  of  Dr.  Barry's,  who  once  noticed  something  wit 
like  the  lai^  end  of  a  Spermatozoon  in  the  cleft  or  fissure  of  the  mem- 
branes inclosing  the  yolk,  comes  to  have  an  interest  and  value  which  would 
not  otherwise  attach  to  it.  This  observation  will  not,  it  may  be  ho^ii, 
long  stand  alone. 

614.  The  two  new  cells,  gradually  increasing  by  the  absorption  of  fluid 
from  those  previously  contained  in  the  germinal  vesicle,  and  causing  thrm 
to  disappear  by  liquefaction  (Fig.  248),  in  time  exhibit  a  spot  on  the  walls 
of  each,  analogous  to  the  original  germ-spot ;  and  this  undergoes  corrr- 
spouding  changes.  Its  edges  present  a  granular  appearance,  owing  to  the 
number  of  miuute  cells  which  develope  themselves  from  it ;  and  as  these 
enlarge,  another  series  manifests  itself  nearer  the  centre  of  the  nucleus; 
and  at  last  another  pair  of  cells  is  produced  in  its  pellucid  area, 
which  in  their  growth  gain  upon,  and  gradually  cause  the  absorption 
of,  those  previously  formed.  (Interior  of  a.  Fig.  248).  In  this  man- 
ner, the  number  of  cells  in  the  ffenninal  mass  (as  we  may  now  term  it) 
is  gradually  doubled  again  and  again  (Fig.  249) ;  until  it  becomes  a  mul- 
berry-like object,  of  which  the  cells  arc  too  numerous  to  admit  of  being 
counted  (Fig.  251).  The  next  stage  is  the  formation  of  a  layer  of  cells 
(Fig.  255,  260)  beneath  the  membrane  lining  the  yolk  ;  these  very  much 
resemble  epitheUum-cells ;  and  by  their  closer  union,  they  subseqncntlj 
form  a  continuous  membrane,  which  is  commonly  known  in  higher  Am- 
mala  as  the  senms  layer  of  the  germinal  membrane,  from  which  the  anuuDi 
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•is  fonned.  These  cells  proceed  from  the  surface  of  the  mulberry-like 
object,  being  produced  by  the  multipHcation  of  those  which  form  it,  ac- 
cording to  the  same  plan  as  has  been  already  described ;  and  they  are 
separated  from  the  rest  by  the  interposition  of  a  cavity  (Fig.  252,  c),  the 
formation  of  which  causes  the  mulberry-like  mass  to  approach  the  surface. 
When  it  has  arrived  at  the  latter  point,  it  becomes  flattened ;  arid  the  cells  of 
its  external  portion  coalesce  with  those  lining  the  yolk-membrane,  and  gra- 
dually extend  themselves  over  the  yolk  (Fig.  253,  U) .  A  second  layer  is  subse- 
quently formed  within  this,  by  a  hollow  process  given  off  from  around  the 
centre  (§651)  of  the  germinal  mass,  which  gradually  extends  itself  through 
the  cavity,  until  it  reaches  its  previous  Hning  (Fig.  256,  c').  The  whole 
structure  thus  formed  has  received  the  name  oi  germinal  membrane  ;  which 
designation  it  will  be  convenient  to  retain,  although  the  view  that  will  be 
here  given  of  its  frmction  differs  from  that  hitherto  commonly  received.  Up 
to  this  period,  it  seems  highly  probable  that  the  essential  nature  of  the  pro- 
cess is  the  same  in  all  animals ;  for,  although  Dr.  Barry's  own  observations 
refer  only  to  a  single  species  among  the  Mammaha,  the  history  which  he 
founds  upon  them  is  in  perfect  conformity  with  observations,  which  have 
been  made  by  others  on  the  development  of  the  ova  of  the  lower  classes,  but 
which,  from  being  less  closely  consecutive,  have  been  otherwise  interpreted. 

615.  It  may  be  desirable  here  to  recall  the  principal  stages  of  develop- 
ment in  the  higher  classes  of  Cryptogamia,  as  formerly  described.  In  the 
Hepaticce  (§  597)  it  was  observed,  that  the  first  direction  of  the  develop- 
ment of  the  germs  contained  within  the  spore  or  reproductive  cell,  is  to  the 
formation  of  a  cluster  of  cells,  which  then  spreads  into  an  expanded  mem- 
branous surface ;  this  imbibes  nutriment  from  the  air  and  moisture  around, 
and  does  in  fact  remain  as  the  permanent  frondose  expansion  of  the  plant. 
In  the  Ferns,  it  was  stated  that  precisely  the  same  tendency .  manifests 
itself  at  first ;  the  development  of  the  cell-germs  in  the  reproductive  cell 
being  in  all  essential  points  similar  to  that  of  the  Marchantia :  but  the 
frondose  expansion  first  formed  is  here  temporary,  not  permanent ;  and 
from  cells  in  its  centre  is  evolved  that  which  subsequently  becomes  the 
true  Fern ; — the  primary  frond,  or  cotyledonous  expansion,  then  decaying 
away.  Finally,  in  the  Phanerogamia  (§  599),  the  first  nistis  is  precisely 
the  same,  being  to  the  development  of  a  membranous  expansion  or  cotyle- 
don, from  the  central  cells  of  which  the  embryo  of  the  perfect  structure  is 
afterwards  to  arise ;  but  this  cotyledonous  expansion  is  no  longer  dependent 
for  the  materials  of  its  growth  upon  the  air  and  moisture  around,  being 
supplied  with  matter  already  prepared  for  organisation,  which  has  been 
stored  up  by  the  parent  within  the  seed.  This  it  imbibes,  afterwards 
yielding  it  to  the  embryo,  the  early  development  of  which  it  thus  assists. 

616.  Now,  in  the  Animal  Kingdom,  we  shall  be  able  to  trace  a  series  of 
stages  very  nearly  corresponding  to  those  just  indicated ;  there  being  this 
difference,  however,  that,  in  all  its  classes  (except  the  Porifera)^  tlv^  ^x^l 
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deyelopment  of  the  germ  is  assisted  by  the  materials  prepared  by  the 
parent,  and  stored  up  within  the  ^g.  The  first  msus  (as  ahreadj  seen) 
is  towards  the  development  of  a  cluster  of  cells,  probably  from  the  germs 
contained  in  a  single  one;  and  these  next  spread  themselves  into  the 
germinal  membrane,  which  is  evidently  analogous  to  the  primary  frondose 
expansion  of  plants.  Now  in  the  Radiated  classes,  there  is  good  reason  to 
beheve  that  tJie  whole  of  the  germinal  membrane  enters  into  the  formation 
of  the  permanent  structure ; — ^its  inner  hiyer  (that  in  contact  with  the  yolk) 
becoming  the  lining  of  the  stomach,  which  in  these  animals  constitutes  the 
bulk  of  the  interior  of  the  body ; — and  its  outer  layer  forming  the  general 
envelope.  In  the  Articulated  and  Molluscous  classes,  we  shall  find  that 
the  peripheral  portion  of  the  germinal  membrane  forms  a  part  only  of  the 
permanent  structure ; — ^most  of  the  persistent  fabric  of  the  embryo  taking 
its  origin  in  the  central  cells.  And  finally,  in  the  higher  Yertebrata,  the 
peripheral  portion  of  the  germinal  membrane  is  of  a  transitory  character; — 
the  true  fabric  of  the  embryo  originating  entirely  in  the  central  cells,  to 
the  development  of  which  the  actions  of  the  germinal  membrane  are  com- 
pletely subservient.* 

617.  We  shall  next  proceed  to  take  a  general  survey  of  the  organs  by 
which  the  spermatic  fluid  and  the  ovules  are  respectively  produced  in  the 
different  classes ;  and  of  the  mode  in  which  the  embryo  is  developed  from 
the  latter.  In  the  lowest  tribes  of  Animals,  as  in  Plants,  we  find  the  two 
sets  of  organs  existing  in  the  same  individual.  One  of  the  simplest  con- 
ditions in  which  they  are  anywhere  seen,  is  that  which  is  presented  in  the 
Httle  Hydra  (§  149).  This  curious  animal  is  not  destitute  (as  has  been 
commonly  supposed)  of  a  special  reproductive  apparatus;  for  in  some  of 
the  cells  at  the  base  of  the  arms.  Spermatozoa  are  developed,  whilst  near 
the  foot  ovules  are  in  Uke  manner  produced.  In  the  Compound  Hydroida^ 
it  appears  that  there  is  a  marked  distinction  of  sex,  the  ovules  being  formed 
by  Polypes  of  a  different  kind  from  the  rest ;  of  these  polypes  (which  can 
frequently  be  scarcely  recognised  as  such)  several  are  usually  enclosed 
in  one  cell  much  larger  than  the  others,  which  is  commonly  but  erroneously 
termed  the  ovarium  (§  149)  ;  and  they  appear  to  be  fertilised  by  Sperma- 
tozoa conveyed  to  them  from  the  other  polypes  through  the  connecting 
stem.  In  the  Actinia  and  Alcyonium,  and  the  tribes  of  Polypifera  fonned 
upon  their  types,  the  ova  are  developed  in  chambers  surrounding  the  sto- 
mach ;  and  these  also  contain  convoluted  tubes  in  which  Spermatozoa  hare 
been  detected.     The  ova  of  the  Sea-Anemone  sometimes  pass  out  by  the 

*  The  Reader  who  would  prefer  to  proceed  uninterruptedly  with  the  general  survej 
here  given  of  the  Embryonic  Development  of  the  different  classes  of  Animals,  may  pass 
on  at  once  to  §§  619,  620,  in  which  that  of  the  Radiata  is  described ;  thence  to  §§  631, 
632,  containing  an  account  of  that  of  the  Articulata  ;  thence  to  §§  634,  637  and  640,  for 
that  of  the  different  classes  of  MoUusca ;  and  lastly  to  §§  649—662,  for  that  of 
Vertebrata. 
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apertnres  of  the  tentacula,  and  sometimes  find  their  way  into  the  stomach  and 
are  discharged  by  the  mouth ;  not  unf requently,  however,  they  are  retained 
within  the  parent,  until  the  embryo  has  been  developed  into  a  form  resem- 
bling that  of  the  adult,  except  in  the  smaller  number  of  its  tentacula.  In 
the  FlustrOy  and  other  Ciliobrachiata^  distinct  ova  are  seen ;  and  sperma- 
tozoa have  been  observed  in  almost  every  part  of  the  interior  of  the  body.* 
Throughout  the  class  polypi  fera,  then,  there  are  two  distinct  sets  of 
sexual  o^ans ;  but  these  are  united  in  the  same  organism,  which  is  able 
to  perform  all  the  operations  necessary  for  the  continuance  of  the  race, 
without,  however,  affording  to  the  ova  any  assistance  or  protection  during 
their  subsequent  development. 

618.  Among  the  higher  Radiata,  we  find  the  sexual  organs  no  longer 
oo-existing  in  the  same  individual;  but  there  is  no  external  difference 
between  the  male  and  female ;  nor  has  it  been  understood  until  recently,  that 
any  distinction  of  sexes  could  be  proved.  In  the  Medusce,  four  cavities  are 
found  in  the  disk,  surrounding  the  stomach,  ^m  which,  and  from  each 
other,  they  are  separated  by  a  deUcate  membranous  partition.  In  their 
position,  these  ovarial  chambers  resemble  those  formerly  described  in  the 
Actinia  (§  151)  ;  and,  as  in  them,  they  open  by  separate  external  orifices. 
Within  the  chambers  is  seen  a  folded  riband-like  membrane,  in  which  are 
found,  during  the  period  of  fertility,  either  ovules  or  spermatozoa.  As 
these  always  exist  in  separate  individuals,  and  as  no  means  can  be  dis- 
covered for  the  conveyance  of  the  seminal  fluid  of  one  to  the  ovarial  cavities 
of  the  other,  it  is  probable  that  fecimdation  is  effected  in  the  same  maimer 
as  in  many  MoUusca  and  Pishes, — the  fluid  being  dispersed  through  the 
water  in  the  neighbourhood  of  the  ovula,  with  which  they  thus  come  in 
contact.  A  very  curious  provision  for  the  protection  of  the  germ  during 
its  subsequent  development  is  found  in  some  Medusae.  Small  pear-shaped 
bi^  or  pouches  are  appended  to  the  fringes  of  the  tentacula ;  and  into 
these  are  conveyed  from  four  to  eight  germs,  which  undergo  their  develop- 
ment within  them ;  and,  when  these  are  perfected,  they  make  their  way  out 
by  the  rupture  of  the  sac.  In  this  curious  disposition,  we  are  reminded  of 
the  peculiar  development  of  the  Marsupial  Mammalia ;  and  the  mode  of 
conveyance  of  the  ova  of  the  Medusa,  from  the  ovarial  chambers  to  the 
marsupial  bags,  is  equally  mysterious  with  that  of  the  embryo  from  the 
uterus  of  the  Kangaroo  to  its  pouch.  The  reproductive  system  of 
the  ECHiNODERMATA  is  vcry  similar  to  that  of  the  Medusa.  In  the  Star- 
fish, two  long  generative  sacs  are  contained  in  each  ray ;  and  in  these  are 
Pound  either  spermatozoa  or  ovules  during  the  breeding  season,  according 
to  the  sex  of  the  individual.  In  the  Echinus,  there  are  five  sacs  of  corre- 
sponding nature  arranged  around  the  anal  orifice,  opening  externally  by 

•  This  observation  is,  perhaps,  liable  to  some  uncertainty  from  the  fact,  that  the  mucus 
of  the  intestinal  and  other  surfaces  frequently  contains  Cercaria,  scarcely  to  be  dis- 
tinguished from  Spermatozoa. 
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separate  apertures ;  in  some  species,  the  ovaries  enlarge  so  mnch  at  the 
breeding  season,  as  to  serve  for  food,  under  the  name  of  the  roe  of  the  Sea- 
Egg.  In  the  Holothuriay  the  generative  system,  Hke  the  respiratory  organs, 
consists  of  a  series  of  prolonged  tubes  ramifying  through  the  body ;  and 
these  open  near  the  mouth  by  a  single  orifice.  The  ova  of  the  Echinida 
are  deposited  in  Spring  in  the  recesses  of  rocks,  or  among  the  Fud  that 
covers  them ;  and  before  they  are  hatched,  the  young  may  be  discovered 
in  the  interior  partially  covered  with  a  calcareous  shell, — the  rest  of  the  in- 
tegument still  remaining  membranous. 

619.  Much  yet  remains  to  be  learned  of  the  progress  of  development 
of  the  ova  in  the  foregoing  classes.  There  is  reason  to  believe,  howerer, 
that  in  all,  the  young  animal  escapes  from  its  envelope  in  a  very  imperfect 
state.  In  the  polypifera  it  appears  at  first  as  a  closed  sac,  consisting 
of  the  germinal  membrane  which  completely  envelopes  the  yolk.  This 
spherical  body  (which  has  been  described  by  Dr.  Grant  under  the  luune 
of  the  gemmule)  i&equently  possesses  considerable  locomotive  powers, 
swimming  about  ^m  place  to  place,  until  it  meets  with  a  spot  adapted 
for  its  development.  In  some  instances  it  has  been  observed  to  be  ooTered 
with  cilia ;  but  these  could  not  be  seen  by  Rathke,  whose  observations  on 
the  development  of  the  germs  of  the  Sea-Anemone  possess  much  interest. 
The  first  step  towards  the  assumption  of  the  perfect  character,  is  the 
formation  of  a  mouth,  which  seems  to  be  produced  by  the  mere  thinning- 
away  of  the  germinal  membrane  at  that  spot ;  at  the  same  time,  the  body 
loses  its  power  of  spontaneous  motion,  and  (in  those  species  which  remain 
fixed  during  the  whole  remainder  of  life)  a^lutinates  itself  to  the  surface 
on  which  it  rests.  A  distinct  separation  next  presents  itself  between  the 
outer  and  inner  layers  of  the  germinal  membrane,  of  which  the  latter  now 
constitutes  the  wall  of  the  stomach,  whilst  the  former  becomes  the  int^- 
ment;  and  it  is  in  the  latter  that  the  hardening  material  is  deposited, 
which  gives  firmness  to  the  external  surface  in  the  whole  group  of  com- 
pound Hydroida  (§  150),  in  the  Tuhipora  among  the  Asteroida  (§  154), 
and  in  most  of  the  Ciliobrachiata  (§  152).  The  space  between  the  two 
layers  continues  to  increase  in  the  Sea- Anemone;  but  the  membranes, 
whilst  retreating  from  each  other,  remain  attached  at  certain  points,  so  as  to 
form  the  partitions  that  have  been  described  as  characteristic  of  the  group 
to  which  this  animal  belongs.  It  is  in  the  portion  of  the  integument 
which  forms  the  base  or  foot,  and  in  the  partitions  proceeding  fix)m  it,  that 
the  calcareous  matter  is  deposited,  which  constitutes  the  first  cell  of  the 
Uthoph}i;e  Hehanthoida.  The  tentacula  next  appear  as  httle  wart-like 
processes,  sprouting  around  the  oral  aperture ;  at  first  only  one  row  is  de^e 
loped ;  but  the  number  afterwards  greatly  increases-  The  foregoing 
account  will  of  course  require  some  modification  to  render  it  applicable  to 
the  other  groups  of  Polypifera ;  but  the  essential  nature  of  the  develop- 
ment of  the  o^'um  appears  to  be  the  same  in  all. 
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620.  The  evolution  of  the  ovum  of  the  acaleph>e  appears  to  foflow, 
in  all  essential  respects,  the  same  course.  The  young  animal  escapes  from 
^6  egg-memhrane  in  an  equally  rudimentary  state,  and  is  received  into 
the  marsupial  pouch  in  the  condition  of  a  germinal  memhrane,  enveloping 
a  yolk.  The  interior  speedily  exhibits  four  radiating  partitions,  which 
divide  the  greater  part  of  the  cavity  into  the  four  parts  characteristic  of 
these  animals.  The  oral  aperture  is  then  formed,  as  in  the  Polypes ;  and 
the  germs  quit  the  marsupium.  A  ring  soon  appears  around  the  mouth, 
from  which  short  ciliated  processes  then  sprout  out ;  these  are  gradually 
elongated  into  tentacula,  and  the  young  animal  bears  a  considerable  re- 
semblance to  a  Polype,  feeding  on  inftisory  animacules  and  on  minute  forms 
of  its  own  species.  It  is  some  time,  however,  before  it  acquires  its  perfect 
development.  The  outer  stratum  of  the  germinal  membrane  here  also 
becomes  the  dehcate  integument  of  the  body ;  whilst  the  inner  layer 
forms  the  parietes  of  the  stomach.  It  is  interesting  to  remark,  that  the 
earliest  nisits  of  Animal  development  is  thus  towards  the  production  of  a 
digestive  cavity,  which  has  been  stated  to  be  the  most  characteristic 
difference  between  its  apparatus  of  nutrition  and  that  of  Plants  (§  279) ; 
and  that  this  nisus  is  obviously  directed  in  these  groups,  from  the  first, 
towards  the  production  of  a  Radiated  structure.  There  can  be  Httle  doubt, 
from  the  close  correspondence  in  general  conformation,  which  exists 
between  many  of  the  echinodermata  and  Acalephse,  that  the  develop- 
ment of  the  ova  of  the  former  takes  place  on  the  same  plan ;  but  observa- 
tions are  yet  wanting  for  the  estabhshment  of  the  fact. 

621.  As  in  the  Radiata  we  found  the  generative  organs  repeated  in 
each  division  of  the  circular  body,  so  in  the  lower  Articulata  are  they 
contained  in  every  longitudinal  segment.  Thus  in  the  common  Tape-worm, 
there  is  an  extensively-ramifying  ovary,  with  a  separated  external  orifice 
in  each  joint ;  and  it  is  accompanied  by  a  series  of  tubes,  in  which  Sperma- 
tozoa are  found,  and  which  are  to  be  regarded,  therefore,  as  the  male 
apparatus.  The  orifice  of  these  tubes  is  in  close  proximity  with  that  of 
the  ovarium,  so  that  the  ova  may  be  fertilized  in  their  passage  outwards. 
In  other  species  of  entozoa,  however,  the  position  of  the  two  orifices 
is  such,  that  the  congress  of  two  individuals,  each  impregnating  the  ova  of 
the  other,  appears  requisite.  In  some  of  this  group,  the  ova  are  retained 
within  the  oviducts  for  some  time  after  fertilisation ;  and  in  the  Bothrtoce- 
phalus  of  Fishes,  the  greater  number  of  segments  of  the  worm  are  cast  ofi^ 
at  the  breeding  season,  hke  the  seed-vessels  of  Plants,  leaving  only  the 
head,  with  a  few  of  the  upper  segments  ;  those  which  are  thrown  off 
subsequently  rupture,  and  give  exit  to  the  contained  ova.  In  most  of  the 
round  worms,  the  sexes  are  completely  distinct ;  and  the  congress  of  two 
individuals  is  necessary  for  the  reproductive  act.  The  ovaries  and  testes 
are  still  extremely  simple  in  their  character,  and  are  diffused  through  the 
whole  body  ;  each  terminating,  however,  in  a  single  orifice.    T\ifc  xiXMS^^x 
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of  OTules  produced  in  the  ovarian  tubes  is  generally  enormous ;  it  has  been 
calculated  that  64,000,000  exist  at  once  in  the  common  Aacaria  Ivmbri- 
coides.  In  many  instances,  the  male  possesses  a  distinct  intromittent  or- 
gan or  penis,  by_  which  the  spermatic  fluid  is  conveyed  within  the  body 
of  the  female  ;  and  in  connection  with  the  oviduct  of  the  female  are  two 
small  sacs,  which,  from  their  containing  Spermatozoa,  Mr.  Owen  at  first 
regarded  as  male  organs,  hut  which  may  probably  be  considered  as  analo- 
gous to  the  gpenaotheca  of  Insects  (§  625), — a  vesicle  destined  to  receive 
and  retain  the  spermatic  fluid,  and  to  apply  it  to  the  ova,  as  they  succes- 
sively arrive  at  maturity. 

6;22.  In  the  minute  rotifera,  very  distinct  aesual  organs  have  been 
observed.  These  are  imited  in  one  individual,  in  such  a  manner  that  the 
congress  of  two  is  not  required.  The  vesicle  containing  the  spennnlic 
fluid  opens  near  the  mouth  of  the  oviduct ;  so  that  the  ova  are  fertilisivl 
before  quitting  the  body.  Sometimes  the  ova,  which  are  generally  lew  ia 
uombcr,  are  deposited  by  the  parent  without  any  regard  to  situation ;  in  a 
large  proportion  of  the  class,  however,  they  remain  attached  to  the  pos- 
terior part  of  the  body  of  the  parent,  until  the  young  animalcule  bit 
become  perfected  and  has  escaped  from  its  envelope  ;  and  in  some  species 
the  egg  is  hatched  within  the  body,  so  that  the  young  is  extruded  ative. 
Notwithstanding  the  small  size  of  these  Animalcules,  a  distinct  vitellus 
has  been  observed  in  the  e^ ;  and  the  development  of  the  embryo  appeals 
to  take  place  in  the  same  manner  as  in  other  Articulata.  Owing  to  tbe 
transparency  of  the  envelopes,  the  several  parts  of  the  young  animal  nuy 
he  clearly  distinguished  before  its  escape  from  tbe  egg ;  and  even  dliuT 
movement  has  been  observed  in  it.  The  rapidity  of  propagation  is  yay 
great  in  the  Wheel-Animalcules,^an  egg  often  coming  to  full  maturity  in 
24  hours  from  the  commencement  of  its  evolution,  and  tbe  newly-fonned 
animal  being  itself  speedily  fit  for  reproduction.  The  following  interesCmg 
observation  of  Ehrenberg's  applies  to  the  largest  species  of  Rotifera,  id 
which  the  time  required  for  the  development  of  the  ova  is  much  greater 
than  in  many  others.  "  On  Nov.  21,  I  placed  in  ajar  a  young  Hydatita, 
containing  an  egg  nearly  mature.  I  added  for  its  food  a  drop  of  a  liijtw 
containing  Monads.  On  the  morning  of  the  22nd,  the  e^  had  bem 
deposited.  On  the  23d,  I  met  with  four  individuals,  of  which  two  were 
fully  developed.  On  the  morning  of  tbe  24tb,  there  were  twenty.  TV 
observation  ceased  at  this  point ;  as  it  became  too  difficult  to  count  tlK 
numbers  which  thus  rapidly  increased.  In  a  space  of  7'Z  hours,  twen^ 
individuals  had  been  formed,  one  only  having  been  employed  as  the  stock; 
and  at  tliis  rate  of  increase,  the  numbers  would  he,  at  tbe  end  of  ten  davs, 
l,048,5?6  ;  and  this  number  would  be  quadrupled  in  another  dav-  Emi 
if  only  two  instead  of  four  were  produced  daily  by  each  individual,  a  mil- 
lion would  be  called  into  e-\istence  in  20  days  ;  and  on  tlie  24th  day,  »f 
should  have  Ifi.TTZi'ilfi  animalcules," 
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623.  Among  the  Annelida,  both  kinds  of  sexual  organs  are  generally 
united  in  the  same  individual ;  but  the  congress  of  two  is  requisite,  each 
fertilising  the  ova  of  the  other.  There  are  several  varieties,  however,  as 
to  the  arrangement  of  the  organ,  and  the  manner  in  which  the  ova  are 
extruded.  In  the  Earth-wormy  towards  the  end  of  the  summer,  there  is 
developed  around  the  body  a  thick  and  broad  belt ;  this  is  an  apparatus 
for  suction,  by  which  the  worms  are  held  together  during  the  congress. 
It  is  remarkable  that  the  ova  do  not  escape  through  the  ducts  which  serve 
to  convey  the  spermatic  fluid  to  the  ovaria ;  but  the  ovaria  burst,  when 
distended  with  mature  ova,  and  allow  their  contents  to  be  dispersed 
through  the  interior  of  the  animal.  In  this  respect,  the  process  of  repro- 
duction in  the  Earth-worm  has  a  striking  analogy  to  that  which  we  have 
witnessed  in  Flowering-plants  ;  for  in  the  latter,  the  fertilising  influence  is 
transmitted  down  the  minute  canals  of  the  style,  and  the  seeds  escape, 
when  ripe,  by  the  separation  of  the  walls  of  their  envelope.  The  ova  of 
the  Earth-worm  pass  backwards  between  the  integument  and  the  intestine^ 
to  the  anal  extremity  ;  and  in  their  progress,  they  gradually  undergo  their 
development,  and  are  expelled  from  the  parent,  either  as  completely-formed 
worms,  or  surrounded  by  a  dense  and  tough  case,  which  gives  them  the 
character  of  pupse.  Whether  they  are  produced  in  the  perfect  or  in  the 
pupal  form,  depends  on  the  nature  of  the  soil  which  the  worms  are  inhabit- 
ing ;  in  a  light  and  loose  soil,  the  young  quit  the  parent  prepared  to  act 
for  themselves  ;  but  in  a  tough  clayey  soil,  they  continue  the  pupal  form 
for  some  time,  so  as  to  arrive  at  a  still  higher  degree  of  development,  before 
commencing  to  maintain  an  independent  existence.  The  same  mode  of 
expelling  the  ova  has  been  observed  in  many  species  of  marine  Annelida. 
A  very  different  one,  however,  is  witnessed  in  the  Leech,  The  ova  are  deve- 
loped in  a  ring-like  mass  encircling  the  body ;  and  this  is  thrown  off  alto- 
gether by  violent  efforts  on  the  part  of  the  animal,  the  body  being  with- 
drawn from  within  it.  A  sort  of  cocoon,  open  at  both  extremities,  is  thus 
produced,  which  contains  from  twelve  to  fourteen  ova,  enclosed  in  a  pro- 
tecting substance ;  and  the  young,  after  their  escape  from  the  ova,  quit 
the  cocoon  through  the  openings  left  by  the  body  of  the  parent.  This 
class  is  perhaps  the  highest  example  in  the  Animal  kingdom,  in  which  the 
mode  of  reproduction  by  spontaneous  division  is  witnessed.  This  has 
been  chiefly  observed  in  the  Naisy  an  aquatic  species  allied  to  the  Nereis 
(§  124).  The  separation  commences  by  an  enlargement  of  the  alimentary 
canal  at  some  particular  spot,  and  by  a  constriction  between  this  and  the 
next  segment.  A  proboscis  and  two  eyes  are  then  formed ;  and  the  con- 
striction increases  to  complete  fission.  This  process  is  sometimes  taking 
place  at  the  same  time  in  three  or  four  different  points ;  so  that  we  may 
have  in  this  animal  the  extraordinary  phenomenon  of  four  different  worms, 
united  end  to  end,  receiving  nourishment  by  one  mouth,  on  the  foremost 
animal  of  the  chain,  and  possessing  but  one  anal  oriflce,  at  tih&  ^o^Xi^Tvsst 
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extremity  of  the  hindmost.  The  Nais,  however,  is  not  propagated  in  this 
manner  only  ;  but  possesses,  when  perfectly  developed,  distinct  generative 
organs,  resembling  those  of  the  Leech.  The  Planaria,  which  connects 
this  class  with  the  Entozoa  (§  129),  possesses  a  power  of  reproduction 
after  artificial  division,  not  inferior  to  that  of  the  Hydra ;  but  there  is  no 
reason  to  believe  that  spontaneous  division  occurs. 

624.  The  cirrhopoda  resemble  the  Leech  and  Earth-worm  in  the 
conformation  of  their  generative  apparatus,  having  distinct  sexual  organs 
united  in  the  same  individual.  Being  all  fixed,  in  their  adult  state,  to 
sohd  masses,  they  have  no  power  of  mutual  congress ;  and  it  appears 
probable  that  they  have  the  power  of  self-fertilisation,  which  seems  to  be 
permitted  by  the  structure  of  their  organs.  In  the  common  Barnacle  and 
other  pedunculate  species,  the  ovary  is  situated  in  the  tubular  stem  ;  in  the 
Balanus  and  the  remainder  of  the  sessile  group,  it  is  attached  to  the  base 
of  the  shell.  The  curious  metamorphosis  of  the  animals  of  this  class  has 
already  been  described  (§  125)  ;  and  it  may  be  here  remarked  that,  if  the 
young  had  been  produced  similar  in  instincts  to  the  parent,  they  would 
have  destroyed  their  means  of  support,  by  covering  and  killing  the  animals 
upon  which  they  fixed  themselves  for  their  growth,  or  would  have  buried 
the  parents  by  the  new  and  numerous  accessions  to  their  numbers. 

625.  In  the  myriapoda  there  is  a  complete  separation  of  the  sexual 
organs,  each  individual  possessing  those  of  one  kind ;  so  that  the  males  and 
females  may  here  be  distinguished.  In  their  general  mode  of  reproduction, 
the  animals  of  this  class  resemble  insects  ;  to  which,  therefore,  we  shall 
now  proceed.  Throughout  the  whole  of  this  immense  group,  the  genital 
apparatus  is  constructed  upon  a  plan  essentially  the  same.  In  no  instance 
are  the  two  sets  of  organs  united  in  the  same  individual;  they  still, 
however,  bear  a  considerable  resemblance  to  each  other  in  their  type  of 
conformation.  The  testes  are  always  formed  of  tubes  ending  in  blind 
terminations,  like  those  of  glands  in  general  (Fig.  163)  ;  but  there  is 
such  variety  in  the  mode  in  which  these  are  united,  that  as  many 
as  twenty-four  distinct  forms  of  these  organs  have  been  enumerated.  The 
spermatic  duct  is  often  furnished  with  a  vesicular  dilatation,  which  serves 
as  a  resenoir  for  the  fluid.  The  ovaria  are  formed  very  much  upon  the 
same  plan  with  the  testes  ;  and  present  a  similar  variety  in  the  arrange- 
ment of  their  parts.  In  those  instances  in  which  a  very  large  number  of 
eggs  are  produced  by  a  single  parent,  the  ovarial  tubuli  are  immensely 
extended ;  just  as  are  other  parts  of  the  glandular  apparatus  of  Insects. 
The  development  of  the  several  parts  of  the  ovule  may  be  advantageously 
studied  in  many  species  of  this  class.  The  germinal  vesicle,  which  is  at 
first  formed,  may  be  distinctly  seen  in  the  narrower  portion  of  the  ovarial 
tube ;  and  around  this  is  produced  a  second  vesicle,  the  ovisac,  which 
becomes  gradually  separated  from  the  first  by  the  endosmose  of  a  peculiar 
/?uid.     When  the  ovule  reaches  the  expanded  portion  of  the  ovarial  tube. 
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the  vitellary  granules  are  formed,  and  these  are  enclosed  in  their  distinct 
capsule.  Many  Insects,  especially  among  the  order  Lepidoptera,  possess 
a  membranous  bag,  communicating  with  the  oviduct  near  its  mouth,  the 
object  of  which  is  the  reception  of  the  seminal  fluid  of  the  male,  and  the 
storing  it  up;,  so  as  to  be  apphed  to  all  the  ova,  as  they  successively  pass 
forth.  This  is  called  the  spermotheca.  Hunter's  observations  and  experi- 
ments leave  no  doubt  of  its  function  ;  and  we  thus  understand  how,  by  a 
single  congress,  an  immense  number  of  ova  may  be  fertilised.*  Hunter 
also  observed  that,  in  the  Silk-worm,  the  eggs  that  had  been  fecundated 
possessed  a  glutinous  covering,  by  which  they  adhered  to  the  spot  where 
they  were  laid  ;  whilst  the  unfertihsed  eggs  were  destitute  of  it ;  and  he 
therefore  considered  that  the  male  fluid  performed  the  additional  office  of 
supplying  to  the  ova  this  glutinous  investment.  The  female  organs,  how- 
ever, are  provided  with  accessory  glands,  the  purpose  of  which  appears  to 
be  something  of  this  kind  ;  and  it  is  easy  to  understand,  from  the  analogy 
of  the  higher  classes,  that  they  will  not  perform  their  function,  unless 
stimulated  by  the  process  of  impregnation.  The  provisions  existing 
amongst  this  class,  for  the  deposition  of  the  eggs  in  places,  which  shall  be 
at  once  secure,  and  within  reach  of  the  nourishment  best  adapted  for  the 
larva,  are  most  various  and  extraordinary ;  but  a  description  of  them  would 
be  unsuited  to  the  character  of  this  work. 

626.  In  some  Insects,  a  certain  amount  of  development  takes  place 
within  the  oviducts,  so  that  the  young  are  excluded  aUve  in  various  states. 
Thus  the  common  Mtisca  camaria,  or  Flesh-fly,  deposits  Uving  larvee  ;  and 
the  Hippohosctty  or  Forest-fly,  deposits  pupae.  In  such  cases,  the  oviducts 
unite  into  a  capacious  receptacle,  in  which  the  ova  are  contained  during 
their  evolution ;  but  they  acquire  no  new  attachment  to  the  parent.  Some 
of  the  Aphides,  or  Plant-hce,  are  ovo-viviparous  in  the  early  part  of 
the  year,  but  oviparous  as  winter  approaches, — a  provision  evidently 
adapted  to  secure  the  preservation  of  the  embryo  during  the  inclement 
season,  the  eggs  remaining  unhatched  until  the  return  of  Spring.  The 
Aphides  present  us  with  a  peculiarity  in  the  reproductive  process,  which 
is  very  remarkable  and  difficult  of  explanation  ;  but  the  existence  of  which, 
nevertheless,  has  been  established  by  the  experiments  of  two  most  accurate 
naturalists.  If  the  females,  of  the  generation  which  is  bom  alive,  be  kept 
separate  from  the  males,  they  will  nevertheless,  if  properly  supphed  with 
food,  produce  perfect  offspring ;  and  if  these  be  similarly  treated,  they  * 
will  likewise  prove  fruitful.      As  many  as  eight  generations  may  thus 

successively  arise  from  a  single  coitus  ;  but  their  fertihty  progressively 

f 

♦  In  the  Hive-Bee^  the  number  of  eggs  laid  during  the  season  is  often  probably  not  less 
than  20,000 ;  which  are  all  fertilised  by  a  single  coitus.  In  the  Termes  (White  Ant), 
the  number  is  almost  incalculable ;  the  female  deposits,  from  her  immense  abdomen,  as 
many  as  60  in  a  minute,  or  3,600  in  an  hour  ;  but  how  long  she  continues  to  lay  with 
such  rapidity  is  unknown. 


474  SPECIAL   AND   COMPARATIVE    PHYSIOLOGY. 

diminishes,  and  becomes  completely  extinct  in  the  ninth  or  tenth.  It  has 
been  supposed  that  the  Aphides  are  androgynous, — ^that  is,  combine  the 
male  and  female  organs,  so  as  to  be  able  to  fertihse  their  own  ova ;  but 
there  is  no  anatomical  ground  for  this  supposition ;  and  the  real  nature 
of  this  remarkable  generative  process  is  yet  to  be  elucidated.  The  case  is 
not,  however,  altogether  a  soUtary  one  (See  §  629). 

627.  In  the  Crustacea,  we  meet  with  a  conformation  of  the  genital 
system  yery  similar  to  that  which  exists  in  Insects,  the  two  sets  of  organs 
being  always  (except,  perhaps,  in  the  genus  Apis)  disposed  on  separate 
individuals ;  there  is  not,  however,  the  same  extension  of  it  through  the 
body, — ^its  structure  being,  Uke  that  of  the  proper  glandular  organs,  more 
concentrated  in  the  Crustacea  than  in  Insects.  Among  the  lower  tribes  of 
this  class,  there  are  several  species  which  are  parasitic  upon  other  animals; 
and  some  of  these  offer  pecuHarities  of  much  interest.  The  LerruBa,  for 
example,  which  adheres  by  its  suckers  to  the  eyes  of  fishes,  is  remarkable 
for  the  very  small  size  of  the  male,  which  consequently  remained  for  many 
years  unknown.  After  fertiUsation,  the  ova  are  expelled  into  a  large  sac, 
which  is  prolonged  from  each  side  of  the  posterior  part  of  the  body  of  the 
female  ;  and  here  they  undergo  a  further  development.  The  young,  when 
they  come  forth,  differ  extremely  in  form  and  structure  from  the  parent; 
for  they  are  provided  with  natatory  organs  instead  of  with  suckers ;  and 
by  these  they  swim  about  for  some  time,  until  they  undergo  a  sort  of 
metamorphosis,  which  adapts  them  for  the  kind  of  life  which  tliey  are 
ultimately  to  lead.  It  may  be  observed  of  these,  as  of  the  Cirrhopoda, 
that,  had  the  young  escaped  in  the  perfect  form,  and  been  possessed  of  the 
natural  predatory  instincts  of  the  parent,  they  would  immediately  have 
fixed  themselves  upon  the  body  of  the  fish  on  which  they  were  generated ; 
and  by  their  extreme  numbers  have  destroyed  the  life  of  the  animal,  and 
with  it  their  own  means  of  subsistence. 

628.  In  the  higher  Crustacea,  there  is  little  that  is  pecuUar  in  the 
generative  function.  The  oviducts  of  the  female  frequently  possess  a 
dilatation  on  each  side,  analogous  to  the  spermotheca  of  Insects,  and 
obviously  serving  the  same  purpose.  Although  there  is  a  very  close 
resemblance  between  the  male  and  female  reproductive  organs,  the  con- 
formation of  the  individuals  which  bear  each  is  often  very  different ;  so 
that  the  two  sexes  have  been  sometimes  regarded  as  distinct  species,  and 

'  even  as  distinct  genera.  In  some  species,  only  females  have  yet  been  dis- 
covered ;  so  that  the  male  has  probably  a  very  different  form  or  size.  The 
slight  difference  existing,  even  in  these  highly-developed  animals,  between 
the  male  and  female  genital  systems,  so  far  as  regards  their  essential  cha- 
racters, renders  a  partial  conversion  of  one  into  the  other  by  no  means 
an  unfrequent  occurrence.  In  all  the  Articulata,  the  organs  of  one  side 
are  very  distinct  from  those  of  the  other ;  and  this  is  pecuHarly  the  case 
m  Crustacea.     Hence  it  is  not  uncommon  for  the  elements  of  the  genital 
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system  to  be  developed  in  the  male  form  on  one  side,  and  in  the  female 
on  the  other ; — ^all  those  parts  of  the  body,  which  differ  in  the  two  sexes, 
presenting  their  corresponding  distinctive  characters.  This  mode  of  union 
of  the  two  sexes  is  termed  lateral  hermaphrodism  ;  and  many  instances  of 
its  complete  occurrence,  in  various  species  of  Insects  and  Crustacea,  are 
now  on  record. 

629.  The  female,  among  the  higher  Crustacea,  does  not  abandon  her 
eggs  after  their  extrusion.  They  are  retained  beneath  the  thorax  or  abdo* 
men,  by  members  expressly  modified  for  the  purpose ;  and  in  the  Mysis, 
or  Opossum  Shrimp,  a  sort  of  pouch  is  thus  formed,  in  which  the  young 
remain,  after  their  emersion  firom  the  egg,  to  undergo  the  first  stages  of 
their  development.  In  the  greater  number  of  species  of  the  higher  tribes, 
the  young  do  not  escape  firom  the  egg,  until  they  have  attained  all  the  organs 
they  will  ever  possess,  so  as  nearly  to  present  the  conformation  typical  of 
the  adult.  There  are  some  species,  however,  in  which  the  young  come 
forth,  as  it  were,  prematurely ;  and  undergo  changes,  in  their  progress 
towards  the  perfect  state,  which  are  not  of  less  importance  than  those 
oocorring  in  the  metamorphosis  of  Insects.  Amongst  these  there  is  often 
a  remarkable  conformity  to  a  common  type,  between  the  early  forms  of 
species  that  are  ultimately  to  be  remotely  separated ;  and  the  alterations 
which  subsequently  take  place  may  be  thus  distinguished. — 1.  The  normal 
development,  which  has  not  been  completed  in  the  ovum,  may  be  com- 
pleted on  its  original  plan.  2.  The  several  parts  of  the  body  may  grow  in 
different  degrees,  so  that  the  ultimate  form  may  thus  be  greatly  altered. 
3.  Certain  parts,  which  were  merely  of  temporary  use,  may  be  atrophied, 
and  may  entirely  disappear.* — ^In  many  of  the  lower  Crustacea  (such  as 
those  which  abound  in  our  ponds  under  the  name  of  Water-fieaSy  ^c),  a 
single  act  of  fecundation  serves  to  fertihse  all  the  eggs  which  the  female 
produces  during  her  whole  life ;  and  her  female  progeny,  even  up  to  the 
sixth  generation,  have  been  found  to  be  also  impregnated,  so  as  to  be  capa- 
ble of  propagating  without  the  male,  as  in  the  Aphides.  The  fertility  of 
some  of  this  group  is  enormous ;  not  so  much,  however,  in  consequence  of 
the  large  number  of  eggs  deposited ;  as  on  account  of  the  rapidity  with 
which  the  young  become  capable  of  reproduction.  Jurine  has  calculated 
that,  from  a  single  female,  4,442,189,120  young  may  be  produced  in 
one  year. 

630.  The  genital  system  in  the  arachnida  does  not  present  any  essen- 
tial departure  firom  the  type  of  that  which  has  been  described  in  the  higher 
Crustacea,  but  the  organs  are  less  united  on  the  median  line.  Some  of  the 
acts  attendant  upon  the  function  are,  however,  performed  in  a  very  remark- 
able manner  in  this  class.  The  ova  are  generally  enveloped  by  the  parent 
in  a  kind  of  cottony  web  or  nidus,  which  she  guards  with  the  most  jealous 

•  For  a  very  interesting  illustration  of  this  principle,  see  Capt.  Ducane^s  observations 
on  the  development  of  the  Ditch-Prawn,  Ann.  of  Nat.  Hist.  "i^ON.  \%^'&. 
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care.  Some  species  carry  it  about  with  them,  and  others  attach  it  to  trees. 
The  mother  generally  foregoes  all  nourishment  during  her  watch ;  and,  if 
the  young  do  not  come  forth  at  their  accustomed  time,  in  consequence  of 
the  coldness  of  the  weather,  she  may  even  die  of  hunger. 

631.  The  development  of  the  ova  of  Articulated  animals  has  not  yet 
been  studied  with  sufficient  previous  knowledge  of  the  general  nature  of 
the  process  (especially  in  its  earher  stages),  to  permit  a  very  satisfactoiy 
account  of  it  to  he  here  given.  The  principal  observations  upon  record,  are 
those  of  Herold  upon  the  development  of  the  eggs  of  Spiders,  and  more 
recently  upon  those  of  Insects  ;  and  those  of  Rathke  upon  the  same  pro- 
cess in  Crustacea.  Notwithstanding  their  imperfection  and  discordance, 
however,  certain  general  facts  of  much  interest  may  be  gathered  from 
them.  When  the  yolk  has  been  completely  inclosed  by  the  germinal 
membrane  (§  614),  a  whitish  spot,  corresponding  to  the  dcatricula  of 
Birds  (§  652)  is  visible  upon  one  part  of  its  surface  ;  and  from  this,  the 
formation  of  the  organs  of  animal  life,  especially  the  nervous  cord  and  the 
articulated  members,  appears  afterwards  to  take  place ;  whilst  of  the  germi- 
nal membrane,  the  external  layer  forms  the  general  parietes  of  the  trunk, 
and  the  internal  with  its  reflexions  is  converted  into  the  intestinal  canal. 
It  is  to  be  remembered  that  all  Articulated  animals  may  be  regarded  as  in 
an  inverted  position ;  so  that,  when  the  under  side  of  an  Insect  or  Lobster 
is  towards  us,  we  are  really  looking  at  its  back.  This  idea  is  completely 
borne  out  by  the  mode  of  their  embryonic  development,  which  would  be 
scarcely  intelligible  without  it.  From  the  cicatricula  (which  is  nothing 
more  than  the  central  part  of  the  germinal  mass  already  mentioned 
§  614,  which  has  acquired  rather  a  flattened  form,)  a  membranous  layer 
of  cells  spreads  over  one  side  of  the  yolk  ;  this  soon  presents  an  arrange- 
ment, in  which  we  recognise  an  outline  of  the  form  of  the  body  as  viewed 
on  its  under  side,  with  the  incipient  division  into  segments,  and  with  an 
extension  of  these  on  either  side  into  the  rudiments  of  the  legs ;  whilst 
the  germinal  membrane,  continuous  with  this  on  each  side,  passes  round 
the  whole  yolk.  The  under  side  of  this  (the  cicatricula  being  uppermost) 
afterwards  forms  the  dorsal  covering  of  the  trunk  ;  and  it  is  here  that  the 
dorsal  vessel  is  formed,  as  a  simple  tube  on  the  median  line  (§  352). 

632.  Thus  the  whole  of  the  germinal  membrane,  arising  from  the  peri- 
pheral portion  of  the  germinal  mass,  and  from  the  exterior  of  the  cen- 
tral nucleus  (§  614,  651),  forms,  as  in  the  Radiated  classes,  an  essen- 
tial part  of  the  permanent  structure  of  the  body ;  but  it  only  enters  into 
the  organs  of  Vegetative  life.  As  yet  the  various  tissues  appear  to  be 
nourished,  during  their  development,  by  direct  absorption  of  the  nutritiTe 
materials  of  the  yolk.  The  very  first  trace  of  the  permanent  fabric  of  the 
embryo  exhibits  an  Articulated  character ;  and  thus  the  sub-kingdom  io 
which  it  belongs,  is  known  from  a  very  early  period.  Further,  this  division 
oF  the  body  into  segments,  which  is  the  general  condition  common  to  the 
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whole  class,  is  manifested  long  before  any  trace  of  such  division  can  be  seen 
in  the  rudimentary  extremities, — a  more  special  condition,  restricted  to  the 
higher  members  of  the  group.*  And,  lastly,  distinct  traces  of  the  organs  of 
Animal  life  thus  present  themselves,  long  before  the  visceral  apparatus,  which 
is  in  this  group  of  subordinate  importance,  begins  perceptibly  to  be  evolved. 

633.  Among  the  Molluscous  Classes,  we  find  the  generative  system, 
like  other  parts  of  the  apparatus  of  organic  hfe,  presenting  a  more  concen- 
trated form,  than  it  usually  possesses  in  the  Articulated  series.  The  ovaria 
and  testes,  instead  of  existing  as  long  tubes,  extended  through  the  whole 
cavity  of  the  body,  are  composed  of  expanded  vesicles  or  bags,  more  or  less 
subdivided  within,  so  as  to  possess  as  large  a  smrface  in  a  smaller  compass. 
This,  it  will  be  recollected,  is  the  general  type  of  glandular  structures 
among  the  Mollusca.  In  no  instance  are  the  male  and  female  organs, 
even  where  they  co-exist  in  the  same  individual,  adapted  for  self-impreg- 
nation, the  agency  of  two  individuals  being  always  requisite  in  such 
cases  ;  and  in  the  greater  niunber  of  species,  the  male  and  female  organs 
are  completely  disunited.  When  it  is  considered  that,  among  many  of  the 
lower  classes  of  Mollusca,  the  animals  of  both  sexes  are  immoveably  at- 
tached, during  all  but  the  very  earUest  period  of  their  Uves,  it  becomes  a 
matter  of  surprise,  that  the  agency  of  two  individuals  should  be  in  any  way 
combined,  in  the  production  of  a  fertile  ovum.  The  difficulty  is  diminished, 
however,  by  the  reflection,  that  a  large  part  of  their  internal  surface  is 
covered  with  vibratfle  ciUa,  by  the  action  of  which,  not  only  is  water  made 
to  pass  in  constantly-renewed  currents  over  the  gills,  but  food  is  brought 
to  the  mouth  ;  and  it  cannot  be  wondered  at,  that  the  same  means  should 
be  effectual  in  conveying  the  spermatic  fluid  (or  its  essential  constituents), 
diffused  by  a  neighbouring  male  into  the  surrounding  water,  into  contact 
with  the  ova  in  the  ovariiun.  Such  a  provision  we  shall  find  to  exist  even 
in  a  class  so  highly-organised  as  Fishes ;  and  it  is  evidently  connected 
with  their  residence  in  a  medium,  which  is  so  favoiu*able  for  the  conveyance 
of  the  fertiHsing  agent.  In  the  terrestrial  Grasteropods,  an  actual  congress 
is  always  performed. 

634.  In  the  tunic  at  a,  the  ovariiun  consists  of  a  simple  sac,  occasionally 

*  The  most  recent  of  Herold's  observations  will  be  found  in  his  work,  not  yet  complete, 
entitled  "  Disquisitiones  animalium  vertebris  carentium  in  ovo  formatione  ;"  an  abstract 
of  those  on  the  development  of  the  ova  of  Lepidoptera  will  be  found  in  the  Ann.  des  Sci. 
Nat.  N.S.  ZooL  tom.  xii.  Whatever  value  may  be  possessed  by  the  later  stages  of  these 
observations,  those  referring  to  the  earliest  is  much  diminished  by  his  flippant  denial  of 
the  existence  of  the  germinal  vesicle,  or  at  least  of  its  having  any  essential  connection 
with  the  generative  process, — a  fact  now  well  established.  He  has  arrived  at  the  import- 
ant conclusion,  however,  that  the  enclosure  of  the  vitellus  in  a  membrane  so  delicate  as 
to  be  at  first  invisible,  is  one  of  the  earliest  steps  of  the  process  ;  -in  this  his  observations 
obviously  coincide  with  those  of  Dr.  Barry  (§  614)  ;  whilst  they  differ  completely,  as  he 
jRpeely  admits,  from  those  which  he  formerly  published  on  the  development  of  the  ova  of 
Arachnida. 
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doable,  lying  among  the  viscera  at  the  bottom  of  the  sac  of  the  mantle;  and 
the  ova  find  their  way  out  by  the  anal  orifice  (§  140).  The  male  organs  are 
combined  in  the  same  individuals  with  the  female,  in  such  a  manner  that 
the  ova  are  fertilized  in  their  passage  out ;  they  generally  present  nearly  the 
same  external  aspect  as  the  female,  and  are  only  distinguished  firom  them 
by  containing  spermatozoa  instead  of  ovules.     A  remarkable  peculiarity  in 
one  section  of  this  class,  is  the  inclusion  of  a  lai^  number  of  yolks  in  one 
ovum ;   so  that  several  embryos  are  developed  within  a  common  envelope. 
These  remain  attached  to  each  other  during  the  greater  part  or  the  whole 
of  life ;   sometimes  being  disposed  (as  in  the  Botryllus)  in  a  stellated 
manner,  the  anal  orifices  of  all  being  united  in  the  centre  of  the  star, 
whilst  the  oral  apertures  are  at  its  circumference  ;   in  other  species  being 
laid  side  by  side,  so  as  to  form  a  riband.     The  number  of  individuals  in 
these  clusters  increases  in   some    species  by    a   subsequent   process  of 
gemmation,  analogous  to  that  by  which  the  Polypes  augment  the  size  of 
their  structures.     In  this  group,  which  has  many  points  of  affinity  with 
the  Polypifera,  we  observe  a  remarkable  correspondence  in  the  early  deve- 
lopment of  the  embryo,   with  that  which   was  described  in   that  class 
(§  619).     The  whole  germinal  membrane  here  again  remains  as  the  per- 
manent envelope  of  the  animal ;   and  the  egg  ruptures,  and  gives  exit  to 
the  contained  germ,  before  it  has  advanced  further  in  its  evolution  than 
the  gemmule  of  the  polype.     This  germ,  consisting  only  of  the  closed  sac, 
formed  by  the  germinal  membrane,  which  includes  the  yolk,  becomes 
clothed  with  cilia,  and  swims  about  freely  for  some  time  by  their  vibration; 
it  possesses,  at  first,  a  tadpole-like  form  ;   but  it  afterwards  fixes  itself  bv 
its  large  end  to  some  solid  body,  and  it  then  shortens.     Two  orifices  next 
form  in  the  sac,  one  of  which  becomes  the  oral,  and  the  other  the  anal 
aperture, — the  outer  layer  of  the  sac  remaining  persistent,  as  the  mantle 
by  which  the  viscera  are  enveloped.     The  inner  layer  undergoes  changes, 
which  are  much  more  decided  than  those  to  which  it  is  subservient  in  the 
Radiata ;  and  in  the  viscera  which  take  their  origin  in  its  inflexions,  no 
definite  type  of  arrangement  can  be  traced. 

635.  In  the  conch ifera,  as  in  the  Tunicata,  we  find  the  male  and 
female  reproductive  organs  disposed  on  distinct  individuals,  and  closely 
resembling  each  other  in  their  own  conformation ;  although  the  animals 
are  not  unfrequently  so  different,  that  the  two  sexes  have  been  described 
as  distinct  species,  and  even  as  distinct  genera.  All  naturalists  have  been 
acquainted  with  the  so-called  ovarium  of  these  animals,  which,  at  the 
period  of  fertility,  occupies  a  considerable  proportion  of  the  cavity  of  the 
shell.  But  the  discovery  of  Leeuwenhoek,  that  in  some  individuals  this 
organ  contains  spermatozoa  instead  of  ovules,  and  is  therefore  to  be  re- 
garded as  a  testis  and  not  an  ovarium,  has  been  overlooked  until  recently ; 
and  it  has  been  commonly  supposed  that  these  animals  had,  through  some 
unknown  means,  the  power  of  self-fertiUsation.      There  is  now  no  doubt, 
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however,  that  the  sexes  are  really  as  distinct  as  in  Fishes ;  and  that  the 
fertilising  materials  diffused  through  the  water  by  a  Conehiferous  Mollusc 
of  one  sex,  are  drawn  into  the  cavity  of  the  shell  by  the  respiratory  cur- 
rents of  the  other,  and  there  come  in  contact  with  the  ova.  Our  surprise 
at  this  mode  of  propagation  is  diminished  by  the  recollection,  that  the 
Ck)nchifera  are  very  gregarious  in  their  habits,  few  or  none  habitually  lead- 
ing sohtary  Uves ;  and  it  has  been  ascertained  by  experiment,  that  single 
individuals  are  not  capable  of  continuing  the  race, — ^the  proximity  of 
one,  at  least,  of  each  sex  being  required  for  the  purpose.  The  genus 
CyclaSy  however,  constitutes  an  exception  to  the  general  law,  male  and 
female  organs  having  been  detected  in  each  of  its  individuals  ;  and  more 
extended  observation  will  perhaps  discover  the  same  combination  in  other 
instances.  The  ova,  when  fertihsed  and  dischai^ed  from  the  ovarium,  do 
not,  in  general,  at  once  quit  the  cavity  of  the  shell,  but  are  conveyed  to 
the  branchiae,  where  they  are  retained,  until  the  included  embryos  are 
nearly  mature,  just  as  are  the  ova  of  many  Crustacea  on  the  appendages 
beneath  their  bodies  (§  629)  :  the  object  in  both  cases  is  the  same, — the 
exposure  of  the  ova  to  a  constantly-renewed  stratum  of  water ;  by  which 
the  aeration  of  its  contained  fluids  (a  change  as  necessary  to  it  as  to  the 
adult  animal)  is  effectually  provided  for.  In  many  Conchifera,  a  distinct 
layer  of  albumen  is  found  between  the  yolk-membrane  and  the  general 
envelope  ;  and  this  is  sometimes  so  considerable  in  amount,  that  the  yolk- 
bag  forms  but  a  small  proportion  of  the  whole  ovum.  It  is  not  unfrequent 
for  the  ova  to  be  hatched  within  the  parental  shell ;  and  the  young  Mol- 
luscs, already  provided  with  shells,  may  be  seen  to  swim  with  great  activity, 
by  means  of  their  cilia,  in  the  fluid  surrounding  the  gills,  where  they  have 
been  mistaken  for  parasitic  animals. 

636.  In  the  aquatic  gasteropoda,  we  still  find  the  sexes  distinct. 
Among  the  least  active  forms  of  this  group,  such  as  the  Patella  and 
Chitony  it  is  probable  that  fertiUsation  is  effected,  as  in  the  Conchifera,  with- 
out the  actual  congress  of  two  individuals ;  but  in  the  higher,  the  spermatic 
duct  of  the  male  terminates  in  a  projecting  organ,  adapted  to  convey  its 
fluid  within  the  oviduct  of  the  female.  In  the  aquatic  Gasteropoda  pos- 
sessing spiral  shells,  the  ovary  in  the  female  and  the  testis  in  the  male 
occupy  a  corresponding  position, — the  higher  part  of  the  cavity  of  the 
shell.  In  the  Palttdina  vivipara,  the  ova  are  delayed  in  a  dilatation  of 
the  oviduct  near  its  extremity,  until  the  young  are  so  completely  matured, 
that  they  are  hatched  there  and  pass  out  alive  ;  but  in  most,  if  not  all, 
other  cases,  they  are  deposited  by  the  parent,  before  the  development  of 
the  embryo  has  proceeded  far.  Frequently,  however,  they  are  provided 
with  an  additional  protective  covering  or  nidamentumy  which  is  formed  by 
large  glands  situated  near  the  termination  of  the  oviduct.  This  nidamen- 
tum  has  different  forms  in  the  several  species  which  produce  it.  In  some 
instances  it  is  a  sort  of  gelatinous  mass,  in  which  the  ova  ^ixe  YmiJc^^^^^^ 
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with  greater  or  less  regularity.     But  in  general  it  is  composed  of  a  large 
number  of  distinct  sacs,  each  containing  a  few  eggs  ;   and  these  are  con- 
nected together  by  a  sort  of  footstalk.    In  the  common  Buccinum  undatum 
(Whelk),  these  sacs  are  flattened  spheres,  and  are  united  together  in  the 
manner  of  bunches  of  finit ;   very  large  masses  of  them  are  often  to  be 
picked  up  on  our  shores.      In  the  Pyrula,  they  are  flattened  disk-like 
cases,  united  into  a  single  string  by  a  pedicle  connecting  the  centre  of 
each  disk  to  that  of  the  next.     In  the  Doris  they  are  spherical,  and  are 
arranged  side  by  side  in  rows ;   a  large  number  of  which,  being  united, 
produce  a  riband-like  mass.    Mr.  Darwin  speaks  of  one  of  these,  produced 
by  a  Doris  of  the  Falkland  Islands  about  3}  inches  long,  which  measured 
nearly  twenty  inches  in  length  by  half  an  inch  in  breadth ;   and  which,  on 
a  moderate  computation,  must  have  contained  600,000  eggs, — a  number 
which  is  far  from  being  without  parallel  in  these  most  fertile  animals.   The 
pulmonary  Grasteropoda  are  hermaphrodite,  each  individual  possessing  male 
and  female  organs ;  but  they  are  not  capable  of  self-impregnation, — the 
congress  of  two  being  necessary,  and  each  fertilising  the  ova  of  the  other. 
The  eggs  in  these  species  are  deposited   singly  in  the  earth,  and  are 
hatched  by  the  warmth  of  the  sun.     They  appear  capable  of  undergoing 
very  severe  treatment  without  the  loss  of  their  fertihty  (§  194,  214). 
The  reproductive  apparatus  in  the  active  Uttle  pteropoda  nearly  resem- 
bles that  of  the  pulmonary  Gasteropods ;   the  male  and  female  organs  are 
united  in  the  same  individual,  but  the  congress  of  two  is  required.     In  the 
Clio,  which  alone  has  been  minutely  examined  in  this  respect,  the  male 
organs  are  of  very  large  size  ;  the  testis  occupying  great  part  of  the  cavitv 
of  the  body,  and  the  penis  being  of  extraordinary  length. 

637.  The  study  of  the  development  of  the  ova  in  these  classes  of  Mol- 
lusca  reveals  facts  of  much  interest,  especially  when  compared  with  those 
already  related  in  regard  to  the  Articulata.  One  of  the  best  subjects  for 
observation  is  the  ovum  of  the  common  I/ymnaeus  of  our  ponds,  one  of  the 
class  Gasteropoda ;  the  progressive  stages  of  which  have  been  well  described 
and  figured  by  M.  Dumortier.*  When  they  are  first  laid,  the  ova  are  seen 
to  contain  a  large  quantity  of  albumen,  surrounding  a  very  small  vitelline 
sac,  full  of  granules  ;  the  germinal  vesicle  may,  however,  be  distinguished. 
The  latter  soon  disappears,  probably  by  undergoing  the  series  of  changes 
formerly  described  (§  614)  ;  and  the  surface  of  the  vitellus  is  then  seen  to 
be  covered  with  facets,  which  are  probably  the  cells  of  the  germinal  mem- 
brane. These  are  more  strongly  marked  in  the  Unio  (a  Conchiferous 
Mollusc),  of  the  ovum  of  which  at  this  period  Fig.  261  is  a  representation. 
A  translucent  point  soon  manifests  itself  at  the  surface,  however,  which 
gradually  changes  into  the  resemblance  of  the  cicatricula  of  the  Bird's  egg 
(§  652).  In  the  interior  of  the  vitelline  sac  a  mass  of  globular  cells  is 
then  developed ;   these  multiply  by  the  formation  of  other  cells  within 

•  Ann.  des  Sci,  Nat.  torn.  xm.  p.  129  et  seq. 
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them ;  and  in  this  mass  the  liver  originates.  At  the  same  time  the  cica- 
tricula  is  also  extending,  and  exhibiting  an  obvious  cellular  organisation. 
From  the  latter  the  head  and  foot — the  chief  organs  of  animal  life — are 
subsequently  developed.  The  external  layer  of  the  germinal  membrane 
becomes  the  mantle,  and  from  its  exterior  produces  a  shell,  which  may  be 
in  one  or  two  pieces,  according  to  the  class.  It  is  curious  to  observe  that, 
although  many  Gasteropoda  are  destitute  of  a  shell  in  their  adult  condi- 
tion, all  form  one  in  the  egg, — casting  it  off  a  few  days  afterwards,  if  they 
do  not  retain  and  increase  it.  The  embryo  is  at  first  supphed  with  nutri- 
ment directly  by  the  yolk ;  and  this  gradually  absorbs  the  surrounding 
albumen,  in  proportion  as  its  own  materials  are  exhausted ;  so  that  the 
vitelline  sac,  which  was  at  first  so  small,  is  gradually  distended,  so  as 
nearly  to  fill  the  egg.  One  of  the  most  curious  phenomena  attending  this 
process,  is  the  continual  revolution  of  the  embryonic  mass  on  its  axis, 
during  a  large  portion  of  its  period  of  development.  This  revolution  has 
been  stated  by  some  observers  to  depend  on  ciliary  action  ;  but  the  exist- 
ence of  cilia  has  been  by  no  means  proved.  The  rotation  may  perhaps  be 
regarded  as  the  remnant  of  that  power  of  locomotion,  in  the  imperfect 
condition  of  the  embryo,  which  is  so  remarkable  in  the  Polypes  and  Tuni- 
cata  (§619  and  633).  In  the  foregoing  history,  it  is  interesting  to  observe 
that,  contrary  to  what  has  been  seen  in  the  Articulata,  the  organs  of  nutri- 
tive life  are  here  those  which  first  definitely  manifest  themselves ; — the 
liver,  which  is  the  most  important  of  the  viscera  of  the  Mollusca,  being 
developed  to  a  considerable  degree,  before  the  head  and  foot  can  be  at  all 
distinguished  as  such.  Further,  all  these  organs  are  produced  by  the 
peripheral  portion  of  the  germinal  structure ;  whilst  that  which  forms  the 
centre  of  the  cicatricula,  gives  origin,  as  in  the  Articulata,  to  the  organs  of 
ammal  life.  In  the  Conchifera,  as  in  the  Tunicata,  these  organs  are  com- 
paratively undeveloped ;  but  they  acquire  more  and  more  importance  in 
ascending  the  Molluscous  scale. 

638.  AH  the  species  of  the  class  cephalopoda,  as  far  as  is  at  present 
known,  are  dioecious,  the  male  and  female  organs  being  disposed  on  sepa- 
rate individuals.  There  is,  nevertheless,  a  remarkable  similarity  between 
them,  both  in  their  general  aspect,  and  in  certain  pecuHarities  which  they 
present.  The  testis  of  the  male  consists  of  a  capacious  membranous  sac, 
which,  when  opened,  is  found  to  contain  a  mass  of  short  branching  coeca 
(not  unlike  those  represented  in  Fig.  161),  attached  to  a  small  portion  of 
its  inner  surface.  Within  these  the  spermatic  fluid  appears  to  be  elabo- 
rated ;  but  no  orifice  has  yet  been  discovered,  by  which  it  can  escape  into 
the  surrounding  cavity,  and  it  is  generally  supposed  to  transude  through 
their  coats.  From  this  cavity  it  is  conveyed  by  a  duct,  which,  after  pass- 
mg  through  other  accessory  glandular  structures,  enters  a  wide  muscular 
sac,  where  a  remarkable  change  is  effected  in  the  condition  of  the  sperma- 
tozoa.    A  number  of  them  are  clustered  together,  and  enclosed  in  ^^cvslVl^x 
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investments,  which  are  known  under  the  name  of  the  momng  Jilaments,  of 
Needham  their  discoverer.     These  are  from  half  to  two^thirds  of  an  inch  in 
length  ;  and  each  consists  of  an  external,  transparent,  and  cylindrical  case, 
in  which  is  contained  a  filament  possessing  a  peculiar  form.     A  Uttle  more 
than  its  anterior  third  is  spirally  disposed,  and  to  this  part  Needham  has 
apphed  the  term  screw ;  next  follows  a  short  portion,  which  he  calls  the 
sucker ;   then  a  still  smaller  and  cup-shaped  part ;   and  lastly  an  ohlong 
and  spongy  hag,  in  which  are  contained  the  minute  spermatozoa.     When 
moistened  with  water,  these  hodies  commence  a  series  of  alternate  con- 
tractions and  relaxations,  hy  which  the  filament  within  is  moved  forwards, 
and  the  screw  with  its  compressed  spire  is  thrust  fordhly  against  the 
anterior  part  of  the  capsule.     This  capsule  in  a  short  time  becomes  rap- 
tured ;  hy  degrees  the  sucker  and  cup  advance ;   and,  as  soon  as  they 
have  escaped  from  the  end  of  the  cylinder,  the  spongy  tail  is  forcibly 
driven  out,  and  generally  with  so  much  violence  as  to  break  it  into  several 
pieces,  and  to  give  exit  to  its  contained  spermatozoa.     These  movements 
are  certainly  not  caused  by  any  spontaneous  or  distinctly-animal  powers 
residing  in  the  filaments ;   they  are  dependent  upon  the  peculiar  pro- 
perties possessed  by  the  membrane  in  relation  to  water ;   and  they  will  be 
exhibited  long  after  the  death  of  the  Cephalopod,  if  the  filaments  be  taken 
out  of  the  sac  and  placed  in  that  fluid.     Their  function  is  thus  evidently 
to  diffuse  the  spermatozoa  through  the  surrounding  medium,  in  such  a  man- 
ner that  they  may  find  their  way  into  the  midst  of  the  large  clusters  of  ots 
deposited  by  the  female  ;   these  are  probably  fertilised  after  their  extrusion 
from  her  body  (as  in  Fishes  and  Batrachia),  since,  in  most  species  at  least, 
the  intromittent  organ  does  not  seem  long  enough  to  convey  the  fecundating 
fluid  within  it.     As  to  the  degree  of  actual  congress  between  the  sexes, 
there  are  various  accounts,  probably  relating  to  different  species. 

639.  The  ovarium  of  the  female,  like  the  testis  of  the  male,  consists  of 
a  large  sac  with  glandular  walls  ;  and,  if  this  be  opened  at  a  time  when 
the  ovules  are  in  an  advanced  stage  of  development,  it  will  be  found  to 
contain  a  cluster  of  little  egg-shaped  bodies,  attached  to  a  small  part  of 
the  inner  wall  of  the  sac,  by  short  pedicles  which  principally  consist  of 
blood-vessels.  These  bodies  consist  of  a  portion  of  the  glandular  substance 
of  the  sac,  with  its  lining  membrane,  raised  up  by  the  development  of  the 
ovisacs  ;  and  each  of  them  contains  an  ovule,  which,  when  ready  for  ex- 
trusion, escapes,  by  the  gradual  thinning  and  final  rupture  of  its  envelope, 
into  the  general  cavity.  The  ruptured  membrane  remains  in  the  form  of 
a  cup  ;  and  we  thus  witness  in  this  class  the  first  appearance  of  the  calyXi 
which  will  be  described  as  developed  from  the  external  surface  of  the 
ovarium  in  the  oviparous  Vertebrata.  From  the  cavity  of  the  ovariiun 
proceeds  the  oviduct,  which  conveys  the  ova  into  a  glandular  body,  where 
they  receive  a  nidamental  investment,  the  nature  and  form  of  which  differs 
in  the  various  species. 
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640.  The  deyelopment  of  the  ovum  in  the  cephalopoda  presents  some 
interesting  points  of  difference  from  that  of  the  Mollusca  in  general.  It 
contains  no  fluid  alhumen ;  but  the  vitellus  i&  immediately  surrounded  by 
several  hardened  layers  of  albumen^  which  form  a  sort  of  shell.  The 
embryo  is  not  produced  so  much  in  the  substance  of  the  vitellus  as  in  the 
Gkisteropoda ;  but  a  portion  of  its  enveloping  sac,  formed  by  the  germinal 
membrane,  is  separated  from  the  rest  by  a  narrow  constriction,  so  as  to 
become  a  yolk-bag.  In  the  other  portion  is  contained  the  germinal  mass, 
which  developes  itself  into  the  embryo  on  the  same  general  plan  as  in  the 
Grasteropoda.  It  is  remarkable,  however,  that  its  point  of  connection  with 
the  yolk-bag  should  be  just  below  the  mouth,  in  the  midst  of  the  diverging 
arms ; — a  situation  very  different  from  that  in  which  the  yolk-bag  of  Ver- 
tebrata  communicates  with  the  intestinal  canal.  In  the  common  Cuttle- 
fish, the  formation  of  the  dorsal  shell  commences  before  the  young  animal 
quits  the  egg ;  and  the  ink-bag  is  also  observed  to  be  full  of  pigment.  At 
the  same  time,  active  respiratory  movements  may  be  observed.  The  em- 
bryo of  the  Argonaut  (Paper  Nautilus)  does  not,  as  has  been  supposed, 
come  forth  from  the  egg  already  provided  with  a  shell ;  but  resembles  in 
its  form  the  naked  species  entirely  destitute  of  them.  The  period  of  deve- 
lopment of  the  shell  has  not  yet  been  satisfactorily  ascertained ;  and  as  the 
male  of  this  species  is  entirely  unknown,  it  is  not  improbably  a  naked 
Cephalopod,  retaining  the  early  form. 

641.  In  passing  from  the  Molluscous  to  the  Yertebrated  series,  we 
do  not  at  once  encounter  any  decided  elevation  in  the  character  of  the 
generative  system  ;  indeed  in  the  lowest  of  the  class  fishes,  its  condition 
may  be  regarded  as  even  lower  than  that  which  it  presents  in  the  higher 
Cephalopoda.  In  the  Lamprey,  for  example,  there  is  a  laminated  organ, 
attached  by  a  short  mesentery  along  nearly  the  whole  length  of  the  spinal 
column,  which,  except  at  the  period  of  sexual  activity,  could  not  be  dis- 
tinguished as  either  testis  or  ovary.  It  is  composed  of  a  cellular  paren- 
chyma, or  stroma,  in  the  cells  of  which  the  ovules  are  formed  in  the 
female,  and  the  spermatic  fluid  in  the  male ;  and  when  this  is  the  case, 
its  surface  in  the  former  appears  yellow  and  granular  from  the  contained 
ova  (forming  the  roe),  whilst  in  the  latter  (the  milt)  it  is  smooth  and 
white.  There  are  no  external  characters  by  which  the  sexes  can  be  dis- 
tinguished. In  neither  sex  does  this  generative  organ  possess  any 
excretory  canal ;  but  its  products  burst  forth  into  the  abdominal  cavity, 
whence  they  are  discharged  by  an  opening  behind  the  anus.  This  con- 
dition closely  resembles  that  which  has  been  described  in  the  Earth-worm; 
and  the  relation  is  interesting,  from  the  fact  that  there  is  perhaps  a  closer 
affinity  between  the  Cyclostome  Fishes  and  the  Annelida,  than  exists  be- 
tween any  other  Vertebrated  and  Invertebrated  animals.  In  many  other 
Fishes,  however,  as  in  the  Pike,  the  testes  consist  of  a  series  of  coecal 
tubuli,  all  uniting,  like  those  of  Insects,  into  a  common  excretory  d»«X.\ 
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and  in  most  of  the  Osseous  species,  the  ovaries  also  are  provided  with  a 
dact  proceeding  from  their  cavity,  through  which  the  ova  are  expelled,  as 
in  the  Mollusca  in  general.  In  the  highest  cartilaginous  Fishes,  however, 
we  observe  an  approach  towards  the  type  of  the  superior  Vertehrata ;  for 
the  ova  escape  from  the  ovaries  by  the  rupture  of  their  parietes,  and  then, 
instead  of  falling  into  the  general  cavity  of  the  abdomen,  are  received  into 
a  sort  of  ftmnel  with  a  fringed  margin  that  closely  embraces  the  ovary,  and 
are  thus  conducted  into  a  tube,  through  which  they  are  carried  outwards. 
This  tube  and  its  fringed  frumel  exactly  correspond  with  the  Fallopian 
tube  in  Mammalia ;  and  upon  a  comparison  of  this  form  of  the  generative 
apparatus  with  that  of  the  Lamprey,  it  is  seen  that  the  tube  consists  of  an 
internal  prolongation  of  the  orifice  by  which,  in  the  latter  species,  the  ots 
escaped  from  the  abdomen, — the  want  of  a  direct  excretory  duct  frx)m  the 
cavity  of  the  ovarium  being  suppHed  by  this  curious  provision. 

642.  In  all  but  a  few  species  of  Fish,  the  seminal  fluid  comes  in  contact 
with  the  ova,  after  the  latter  have  been  expelled  by  the  female ;  so  that 
there  is  no  sexual  congress ;  nor  do  the  offspring  receive  any  kind  of 
assistance  or  protection  from  the  parent  during  their  development.    Hence, 
of  the  eggs  deposited,  a  very  large  proportion  are  likely  to  be  unfertile ; 
and  of  the  young  actually  hatched,  by  far  the  greater  number  soon  perish. 
Hence  arises  the  necessity  for  the  enormous  fecundity  of  these  animals, 
and  for  the  size  of  their  generative  organs.     It  has  been  calculated  that 
above  a  milUon  of  eggs  are  produced  at  once  by  a  single  Cod ;  and  in  other 
species  the  amount   may  be  still  greater.      A  very  curious  fact  in  the 
history  of  the  generative  system  of  Fishes,  is  that  the  male  is  frequently 
capable   of  the   reproductive  act,  when  far  from   his   own  frill  growth. 
Several  mistakes  in  Natural  History  have  arisen  from  this  source;  the 
young  with  fully-developed  milts  having  been  mistaken  for  adults;  and 
having  been  figured  as  distinct  species,  on  account  of  the  difference  of 
their  size  and  markings,  both  of  which  subsequently  undergo  a  change. 
Thus  the  fish  commonly  known  as  the  Parr  is  actually  the  young  of  the 
Salmon  in  the  second  year.     There  are  some,  especially  among  the  cartila- 
ginous Fishes,  in  which  the  fertilisation  of  the  ova  whilst  yet  within  the 
ovaria  takes  place,  by  an  actual  congress  of  the  sexes ;  and  there  are 
several  of  these,  in  which  the  ova  undergo  their  entire  development  within 
the  body  of  the  parent,  so  that  the  young  are  produced  aUve.     In  some 
species  of  Ray  and  Shark,  the  oviduct  is-  found  to  have  a  sort  of  uterine 
enlargement  near  its  termination,  where  the  ova  are  delayed  for  some  time, 
and   in  which   they  receive  a  degree  of  additional  assistance  from  the 
parent,  which  foreshadows  the  more  complex  provision  for  this  object  in 
Mammalia.     There  is  no  direct  communication  between  the  blood-vessels 
of  the  parent  and  those  of  the  foetus ;  but  the  membranes  of  the  latter 
absorb  from  the  extremely  vascular  Hning  of  the  oviduct  of  the  former, 
to  such  an  extent  that,  in  the  Torpedo,  the  weight  of  the  mature  foetus  is 
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between  two  and  three  times  that  of  the  egg.*  One  of  the  most  curious 
provisions  for  the  early  protection  of  the  offspring  in  this  class,  is  that 
which  we  find  in  the  Syngnatki  or  Pipe-fishes.  The  maUy  in  most  of 
these,  has  a  pouch  on  the  under  side  of  its  body,  formed  by  the  meeting 
of  two  folds  of  skin ;  into  this,  the  eggs  deposited  by  the  female  are  con- 
veyed ;  and  here  they  remain,  until  the  young  attain  a  considerable  degro^ 
of  development.  Even  when  able  to  swim  about  by  themselves,  they  seek 
the  protection  afforded  by  this  curious  contrivance ;  which  closely  resem- 
bles that  well  known  to  exist  in  the  Marsupial  Mammalia, — differing  from 
it,  however,  in  the  absence  of  any  special  means  of  affording  nutrition  to 
the  embryo.  In  some  species  of  this  group,  however,  the  pouch  is  absent ; 
but  the  ova  are  received  into  a  set  of  hemispherical  depressions  on  the 
under  side  of  the  abdomen,  to  which  they  attach  themselves  by  their  gela- 
tinous envelope.  One  species  of  Fish,  the  Gobius  nigevy  is  known  to  con- 
struct a  regular  nest  among  sea-weeds,  in  which  it  deposits  its  ova ;  and 
these  it  watches  with  maternal  care  until  they  are  hatched.  This  fact  was 
first  noticed  by  Aristotle ;  and  an  increased  acquaintance  with  the  habits 
of  the  class  would  probably  show,  that  it  is  not  (as  it  at  present  appears  to 
be)  a  solitary  instance. 

643.  In  REPTILES,  we  find  the  generative  apparatus  exhibiting  a  mani- 
fest advance,  in  degree  of  organisation,  from  the  highest  form  in  which 
they  exist  in  Fishes.  In  all  instances,  the  testes  are  provided  with  efferent 
ducts,  which  generally  unite  into  one  on  each  side.  In  the  Batrachia,  as 
in  most  Fishes,  the  eggs  are  fertilised  after  they  are  extruded  from  the 
genital  orifice  of  the  female  ;  but  that  of  the  male  is  in  close  contact  with 
it  at  this  period,  so  that  the  seminal  fiuid  is  most  advantageously  appHed  to 
them.  In  the  higher  Reptiles,  however,  there  is  an  actual  introduction  of 
the  male  fiuid  into  the  oviducts  of  the  female ;  this  is  accomplished  in 
Serpents  by  a  temporary  eversion  of  the  orifices  of  the  spermatic  ducts  ; 
but  in  the  higher  Sauria  and  Chelonia,  there  is  a  regular  intromittent 
organ,  which  is,  however,  sometimes  completely  bifid,  and  always  grooved. 
The  groove  is  completed,  by  the  swelling  of  the  organ  at  the  time  of  ex- 
citement, into  a  canal,  which  receives  the  spermatic  ducts.  This  conforma- 
tion reminds  us  of  the  occasional  want  of  completeness  of  the  urethra  in 
Man,  arising  from  a  stoppage  of  development  on  the  median  line.  The 
ovaria  are  constructed  upon  the  same  general  plan  as  in  the  higher  Fishes ; 
but  are  usually  more  compact  in  their  form.  The  ova  escaping  from  them 
are  received  into  the  ftmnel  of  the  oviducts,  and  are  conveyed  by  them  into 
the  cloaca,  which  is  a  short  dilated  tube,  that  receives  both  their  orifices, 
as  well  as  those  of  the  ureters  and  rectum.     Of  the  Batrachia,  one  spe- 

*  In  these  animals,  the  temporary  branchial  filaments  are  extremely  long,  and  appear 
to  serve  as  special  absorbing  organs.  In  Dr.  Davy's  opinion,  their  function  is  particu- 
larly subservient  to  the  development  of  the  electrical  apparatus.  Anat.  and  Phys. 
Researches,  Vol.  i.  p.  67. 
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cies,  the  Land  Salamander^  is  viyiparous ;  and  each  oviduct  is  dilated, 
near  its  termination,  into  a  sort  of  nterine  cavity,  in  which  the  young  are 
developed.  Among  the  higher  Reptiles  of  this  country,  moreover,  the 
Viper,  Slow-worm,  and  common  lizard,  frequently  produce  their  yonog 
alive ;  the  egg  heing  retained  until  the  emhryo  has  attained  its  fuU  deve- 
lopment, and  the  enveloping  memhrane  being  usually  burst  (as  Mr.  Bell* 
considers)  in  the  act  of  parturition.  With  these  animals,  as  indeed  with 
all  Reptiles,  a  high  degree  of  heat  is  necessary  for  the  maturation  of  the  eggs ; 
and  the  gravid  female  may  often  be  seen  basking  in  the  sun,  acquiring 
from  its  rays  the  caloric  which  she  is  not  herself  capable  of  generadng. 
In  the  oviparous  Reptiles,  however,  it  is  not  common  to  find  the  parent 
affording  any  protection  to  the  eggs  when  once  deposited,  or  to  the  young 
produced  from  them.  The  Fipa  Americana  (Surinam  Toad),  however,  is 
an  exception ;  in  this  species,  the  female  has  on  her  back  a  number  of  cells 
hollowed  in  the  integument ;  in  these  the  eggs  are  placed  by  the  male, 
when  she  has  deposited  them ;  and  here  they  remain  for  about  80  days, 
during  which  time  they  undergo  their  metamorphosis,  so  as  to  come  forth 
as  perfect  Frogs. 

644.  In  BIRDS,  the  generative  apparatus  does  not  manifest  any  great 
advance  beyond  the  form  it  presents  in  Reptiles.  Except  in  the  aquatic 
species,  little  trace  of  an  intromittent  organ  is  generally  to  be  found ;  but 
the  spermatic  fluid  of  the  male  is  conveyed  into  the  oviducts  of  the  female, 
by  a  slight  eversion  in  each  sex  of  the  orifices  of  the  ducts,  which  are 
closely  applied  to  those  of  the  other.  In  the  aquatic  orders,  the  intromit- 
tent organ  usually  resembles  that  of  Serpents ;  being  formed  only  by  a 
more  considerable  eversion  of  the  orifices  of  the  spermatic  ducts.  In  the 
Ostrich  and  its  allies,  however,  which  present  many  points  of  affinity  to 
the  Mammalia,  there  is  a  fully-developed  penis.  The  ovarium  consists  of 
a  thin  and  condensed  layer  of  cellular  parenchyma,  constituting  a  stroma, 
in  which  the  ovules  are  developed.  Its  size  is  much  smaller  in  proportion 
to  the  whole  body,  except  at  the  period  of  the  development  of  the  ova, 
than  in  most  of  the  classes  we  have  yet  considered.  It  is  curious  to 
observe  that,  in  most  Birds,  only  one  ovarium  is  ever  developed ;  though, 
in  the  embryo  condition,  both  are  present.  The  ovary  is  covered  by  an 
envelope  of  its  own,  and  then  by  the  peritoneum ;  its  surface  is  usually 
smooth  ;  but,  when  the  ova  are  being  developed,  their  size  causes  them  to 
project  more  or  less,  so  as  to  form  a  number  of  convexities  upon  it.  As 
the  ovisacs  (§  610)  enlarge,  they  gradually  project  from  the  ovarium,  car- 
rying before  them  its  envelopes ;  and  at  last,  the  ovarium  presents  almost 
the  appearance  of  a  bunch  of  grapes, — the  ovisacs  hanging  from  it  only  bv 
a  short  peduncle,  which  contains  vessels.  Each  of  these  projecting  bodies, 
therefore,  contains  an  ovum,  which  is  enveloped  in  its  ovisac  ;  around  this 
is  a  thin  layer  of  the   stroma ;  this,    again,  is   enclosed  in   the  proper 

*  History  of  "BnUstv  Reptiles,  pp.  35,  63. 
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envelope  of  the  ovarium,  consisting  of  two  layers,  of  which  the  inner  one  is 
vascular;  and  the  peritoneum  envelopes  the  whole.  At  last  the  ovum 
escapes  hy  the  rupture  of  its  coverings ;  and  these  remain  as  a  sort  of 
cup,  which  is  termed  the  calyxy  and  which  subsequently  disappears  by 
absorption. 

645.    The  oviduct  commences  by  a  wide  slit,  which  receives  the  ovum 
at  its  escape  from  the  ovary;  at  its  lower  part  it  dilates  into  a  thick 
glandular  sac,  which  secretes  the  shell.     The  ovum,  during  its  passage 
along  the  oviduct,  receives,  as  in  most  of  the  higher  animals,  an  additional 
layer  of  albumen ;  and  this  is  surroimded  by  a  membrane,  which  is  com- 
monly r^arded  as  composed  simply  of  the  hardened  external  layer  of  the 
albumen,  but  which  is  in  reahty  to  be  considered  as  analogous  to  the 
chorion  of  Mammalia  (§  432  and  650).     This  membrane  is  composed  of 
two  layers,  which  separate  at  the  blunt  end  of  the  egg,  to  include  a  bubble 
of  air ;  its  outer  surface  is  somewhat  shaggy,  and  sends  little  processes 
into  the  shell.     The  outer  part  of  the  albumen  is  extremely  watery ;  but 
the  inner  part  is  viscid,  and  clings  closely  to  the  yolk.     The  yolk-bag  is 
held  in  its  place  within  the  egg,  by  two  twisted  cords,  termed  chalaza, 
which  appear  composed  of  coagulated  albumen ;  these  arise,  by  a  funnel- 
shaped  expansion,  from  the  sides  of  the  yolk-bag  opposite  the  poles  of  the 
egg,  towards  which  they  pass.     In  this  manner,  the  yolk-bag  is  prevented 
from  quitting  the  central  part  of  the  egg ;  but  it  is  permitted  to  rise 
towards  the  side ;  and,  as  it  is  rather  lighter  than  the  albumen,  it  will 
always  approach  the  shell,    whichever  side  the  egg  may  be  resting  on. 
Further,  it  is  permitted  to  turn  on  its  own  axis :  and  in  this  manner,  the 
cicatricula  or  germ-spot  (§  625),  being  specifically  lighter  than  the  rest, 
will  always  be  turned  uppermost.     By  this  very  simple  contrivance,  two 
necessary  conditions  are  provided  for ;  the  embryo  is  placed,  during  its 
development,  in  the  most  advantageous  position  for  receiving  the  influence 
of  the  maternal  heat ;  and  is  also  placed  in  the  nearest  possible  relation 
with  the  external  air,  by  which  the  aeration  of  its  fluids  is  effected.     The 
former  condition  is  indispensable  throughout  the  class,  except  in  a  few 
instances,  in  which  the  solar  heat  is  sufficiently  intense,  or  in  which  arti- 
ficial heat  is  designedly  substituted  (§  563).     The  latter,  here  as  else- 
where, is  absolutely  necessary  to  the  development  of  the  embryo  ;  and  the 
shell,  being  porous,  does  not  interpose  any  obstacle  to  the  aeration  of  the 
fluids  it  contains*  (§  493). 

*  An  attempt  has  been  recently  made  to  show  that  no  respiratory  process  takes  place 
in  the  egg  through  the  medium  of  the  shell-membrane  ;  and  that  the  development  of  the 
embryo  takes  place  with  equal  perfection,  when  the  air  is  completely  excluded  from  the 
interior.  The  result,  however,  was  completely  fallacious,  in  consequence  of  the  imper- 
fect nature  of  the  means  of  exclusion  employed  ;  and  the  very  accurate  experiments  of 
Schwann  leave  no  doubt,  that  the  access  of  oxygen  is  as  necessary  to  the  embryo,  in  all 
but  the  very  earliest  period  of  development,  as  it  is  to  the  adult.  See  Brit,  and  For. 
Med.  Rev.    Vol.  x.  p.  229. 
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longed  in  {Ropcvtion  as  tiie  pfami^e;,  and  especialh'  the  feathers  of  fl^fat* 
are  to  be  of  a  more  perfect  diaracter ;  so  that,  in  this  ocmqiarativelT  triflng 
Tariation,  we  hare  an  illiistraticm  of  the  general  law, — that,  the  Ugber  the 
grade  of  dffrelopiEeDt  which  the  being:  is  nltimatelT  to  attain,  the  more  b 
it  assisted  in  the  early  stages  by  its  parent. 

G47.  This  law  is  remarkably  exemplified  in  the  class  mammalia, 
which  unquestionably  ranks  at  the  head  of  the  Animal  kingdom,  in  respect 
to  decree  of  intelligence  and  general  elevation  of  structure.  It  is  the 
universal  and  most  prominent  characteristic  of  this  class,  that  the  youDg 
are  retained  within  the  body  of  the  parent,  until  they  have  undergone  a 
considerable  amount  of  development ;  and  that  they  are  afterwards 
nourished  by  a  secretion  from  the  blood  of  the  female  parent.  In  regard 
to  the  degree  of  development  attained  by  the  young,  however,  at  the  period 
of  parturition,  there  is  much  variation  in  the  different  orders.  In  most, 
the  ovum  is  retained  in  a  dilatation  of  the  oviduct  termed  the  uterus,  until 
the  foetus  assumes  the  general  form  of  the  adult,  and  is  capable  of  preserv- 
ing its  life  independently  of  the  parent,  if  its  digestive  system  is  supplied 
with  appropriate  nutriment,  and  its  temperature  be  artificially  kept  up. 
The  nutriment  furnished  by  the  mammary  glands  of  the  parent  (which 
are  supplementary  additions  to  the  essential  reproductive  organs  of  this 
class),  is  the  most  appropriate,  but  it  is  not  usually  indispensable.  In 
the  Monotremafa  and  MarsupiaUa,  however,  the  condition  of  the  foetus  at 
the  time  of  parturition  is  much  less  advanced ;  its  exact  state  in  the  former 
is  not  certainly  knowij ;  but  in  many  species  of  the  latter,  it  resembles  a 
worm  in  appearance,  and  is  almost  motionless.     It  is  conveyed  to  the 
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nipple,  between  which  and  its  mouth  there  is  a  peculiar  adaptation,  serving 
to  give  it  support  as  well  as  sustenance  ;  and  there  it  remains,  until  able 
to  move  by  itself.  The  animals  of  these  orders  are  peculiarly  deficient  in 
intelligence.  At  the  other  extremity  in  the  scale  of  development  we  find 
Man ;  in  which  the  dependence  of  the  ofi^spring  on  the  parent  is  extended 
through  a  much  longer  period  than  in  any  other  animal ;  and  this  has  an 
obvious  relation  to  the  high  amount  of  inteUigence  which  he  is  ultimately 
to  attain. 

648.  The  transition  from  the  generative  apparatus  of  Birds,  to  that  of 
the  lowest  Mammaha,  is  by  no  means  abrupt.     A  well-developed  penis, 
however,  which  is  perforated  by  a  canal  that  receives  the  two  spermatic 
ducts,  exists  in  the  entire  class ;  still,  in  the  lower  orders,  this  canal  does 
not  also  receive  the  ureters,  and  the  penis  is  commonly  contracted  within 
the  cloaca.     In  the  Monotremata,  as  in  all  preceding  animals,  the  testes 
are  contained  within  the  cavity  of  the  abdomen ;  but  in  many  of  other 
orders,  they  pass  forth  from  it  into  a  depending  pouch  or  scrotum,  although 
originally  formed  in  the  usual  situation.     The  structure  of  the  testes  in 
Mammalia,  which  consist  of  a  number  of  long  coecal  tubuli,  resembling 
those  of  the  kidneys,  appears  very  different  from  that  of  the  corresponding 
organs  in  Fishes,  in  which  we  find  nothing  but  an  assemblage  of  cells ;  but 
the  transition  from  one  form  to  the  other,  in  ascenduig  through  the  Verte- 
brated  series,   is  really  very  gradual.     The   spermatic  canals,   Uke  the 
oviducts,   gradually  acquire  dilatations  near  their  termination,  in  which 
their  secretion  is  stored  up ;  in  all  the  higher  orders  they  open  into  the 
urethra,  (which  also  receives  the  excretory  ducts  of  several  accessory  glands, 
the  frmction  of  which  is  not  positively  known,)  and  the  common  canal 
passes  through  the  penis,  so  that  the  cloaca  altogether  disappears.     In 
r^ard  to  the  female  organs,  those  of  the  Monotremata  correspond  closely 
with  those  of  Birds ;  the  oviducts  still  opening  separately  into  the  cloaca, 
and  the  uterine  enlargements  upon  them  being  of  small  size ;  and  some 
inequality  in  the  size  of  the  two  ovaries  being  still  perceptible.     In  them, 
as  in  MarsupiaHa,  the  ovary  still  retains  the  form  which  characterised  it  in 
Birds,  and  the  ova  when  developed  project  in  caUces  from  its  surface ;  but 
in  general  it  is  much  smaller  and  more  condensed,  and  its  surface  is  quite 
smooth.    The  oviduct  in  the  Ornithorhyncus  commences  by  a  simple  sUt, 
into  which  the  ovum  escapes  from  the  ovary ;  but  in  all  other  Mammaha 
it  is  furnished  with  a  large  ftmnel-shaped  entrance,  the  fringes  of  which  are 
capable,  when  the  parts  are  in  a  state  of  sexual  activity,  of  grasping  the 
ovarium,  and  assisting  in  the  escape  of  the  ova.     The  form  of  the  uterine 
dilatations,  at  the  lower  extremity  of  the  oviduct,  is  gradually  changed  by 
their  blending  on  the  median  line,  from  below  upwards.     Thus,  in  the 
Babbit,  the  external  canal  (now  distinguished  under  the  name  of  vagina) 
is  single,  but  two  uteri  are  present;  in  the  Guinea  Pig,  the  uteri  are 
blended  at  their  lower  part,  and  open  into  the  vagina  by  a  s^n^^  «:^^T\Avt^  % 
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in  the  Sheep,  the  uteri  are  more  closely  blended,  and  more  distinct  from 
the  oviducts ;  whilst  in  Man,  a  complete  fusion  has  taken  place  (except  in 
some  rare  cases  of  monstrosity),  the  cavity  being  single,  and  the  oviducts 
entering  at  its  upper  part.  The  only  important  addition  to  the  organs 
aheady  described  in  the  female,  consists  in  the  pouch  of  the  Marsupialia, 
which  is  formed  of  two  folds  of  the  abdominal  integument,  supported  nptm 
peculiar  bones ;  these  close  over  the  nipples,  and  protect  the  young  whilst 
attached  to  them. 

649.  The  ovulum  itself  corresponds,  in  all  essential  characters,  with  that 
of  Oviparous  animals ; — chiefly  differing  in  its  minute  size,  in  proportion  to 
that  of  the  ovisac  (§  611).     The  external  envelope  of  the  ovulum  differs 
in  its  aspect  from  the  ordinary  yolk-bag ;  it  has  received  the  name  of  Zona 
pellucidtty  from  its  appearing  under  the  microscope  (when  the  ovulum  is 
flattened  by  compression)  as  a  thick  transparent  ring*  (Fig.  242 — 255,  </)• 
Around  this,  again,  a  part  of  the  granules  contained  in  the  ovisac  arrange 
themselves  with  great  regularity,  so  as  to  form  a  kind  of  loose  membrane, 
termed  by  Dr.  Barry  the  tunica  granulosa.     The  interior  of  the  ovisac  is 
lined  by  a  similar  membrane,  formed  of  aggregated  cells ;  and  to  this  the 
name  of  membrana  granulosa  has  been  given.    Between  these  two  portions, 
the  cells  are  for  the  most  part  absent,  the  space  being  occupied  with  fluid ; 
but  this  space  is  traversed  by  four  bands,  composed  of  a  similar  loose  mem- 
branous tissue,  which  are  termed  by  Dr.  B.  the  retinacula.     The  office  of 
these  is  to  hold  the  ovule  in  the  centre  of  the  ovisac ;  and  at  the  proper 
time  to  guide  it  towards  one  side  of  the  cavity.     At  this  period,  the  vas- 
cular tunic  enveloping  the  ovisac,  which  is  derived  (as  in  Birds)  from  the 
parenchyma  of  the  ovary,  is  acquiring  greal  thickness  and  consistency; 
and  the  two  membranes  together  form  the  structure  known  as  the  Graafian 
Vesicle,  which  has  been  regarded  as  pecuHar  to  the  Mammalia,  but  which 
is  really  analogous   to  the   inner  part  of  the  calyx  of  Birds  and  other 
Ovipara.    When  the  ovulum  has  attained  its  fall  development,  it  is  carried 
to  the  side  of  the  Graafian  vesicle  nearest  the  surface  of  the  ovary,  by  the 
contraction  of  the  retinacula  on  that  side ;  and  they  retain  it  in  that  posi- 
tion, until  the  rupture  of  the  envelopes  allows  of  its  exit  from  the  cavity. 
Tliis  rupture  is  preceded  by  a  gradual  thinning  of  these  membranes  at  that 
point ;  but  on  the  opposite  side,  the  outer  or  vascular  tunic  becomes  much 
thickened  ;f  and  it  appears  to  be,  in  part  at  least,  by  the  pressure  thus 
exerted, — which  acts  as  a  »w  a  tergo,  not  only  on  the  minute  ovum,  but  on 

*  This  Zona  pellucida  has  been  described  by  some  writers  under  the  name  of  chorion ; 
but  the  true  chorion  is  afterwards  formed  around  it. 

t  It  is  by  an  increased  thickening  of  this  membrane,  which  gradually  projects  itself 
inwards,  so  as  to  fill  the  whole  cavity  previously  occupied  by  the  ovisac,  that  the  corpus 
luteum  is  formed.  In  the  Rabbit,  the  ovisac,  or  inner  membrane  of  the  Graafian  vesicle, 
is  stated  by  Dr.  Barry  to  disappear  within  a  short  time ;  and  he  thinks  it  possible  that, 
jis  it  is  easily  separable  from  the  vascular  envelope,  it  may  be  thrown  oflT,  and  escapt' 
tiirough  the  rent  in  the  lattci. 
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the  tunica  granulosa,  and  the  central  portion  of  the  retinacula, — ^that  the 
OTum  is  expelled.  During  this  process,  the  retinacula  are  gradually  de- 
tached from  the  memhrana  granulosa,  and  accompany  the  OYum  into  the 
oviduct  (which  in  the  Mammalia  is  termed  the  Fallopian  tuhe) ;  hut 
they  soon  disappear,  as  does  also-— though  a  Uttle  later — ^the  tunica 
granulosa. 

650.  During  the  passage  of  the  ovum  through  the  Fallopian  tuhe,  it 
acquires  an  additional  envelope,  the  true  chorion,  which  has  subsequently 
to  perform  very  important  functions  in  the  nutrition  of  the  emhryo.  This 
is  at  first  seen  as  a  layer  of  cells  (the  origin  of  which,  according  to  Dr. 
Barry,  is  in  the  corpuscles  of  the  blood,  §  432,)  in  contact  with  the  outer 
sur&ce  of  the  Zona  pellucida  (Fig.  269).  During  the  passage  of  the  ovum, 
however,  the  membrane  imbibes  fluid,  which  separates  it  from  the  Zona 
pellucida  (Fig.  247,  248,  253,  /) ;  and  a  change  takes  place  in  its  own 
stmctore,  by  the  alteration  in  form  of  its  cells,  which  extend  themselves 
and  interlace  in  various  directions,  so  as  to  give  the  fabric  a  much  greater 
degree  of  consistence,  and  to  produce  asperities  on  its  outer  surface.  In 
the  situation  in  which  it  is  generated,  the  chorion  is  evidently  analogous  to 
the  membrana  testa  of  Birds ;  and  the  fluid  which  it  absorbs  is  comparable 
to  the  albumen  of  the  egg  of  the  latter.  The  connection  between  the  two 
is  clearly  estabUshed  by  the  ovum  of  the  Monotremata,  in  which  there  is 
a  distinct  albumen  around  the  yolk-bag,  contained  in  a  membrane  which,- — 
as  these  ova  are  not  to  be  incubated,  but  are  destined  to  receive  their  early 
development  within  the  uterus, — ^must  subsequently  become  the  chorion. 
In  all  Mammiferous  animals,  the  oviduct,  instead  of  immediately  conveying 
the  ovum  out  of  the  body,  deposits  it  in  the  receptacle  provided  for  its 
further  development;  within  which  it  forms  a  new  connection  with  the 
parent,  and  is  suppUed  with  nutriment  from  the  fluids  of  the  latter,  until 
it  has  arrived  at  a  state  of  completeness  usually  corresponding  with  that 
wbich  the  Chick  presents,  when  it  emerges  from  its  shelly  covering. 

651.  It  now  remains  for  us  to  consider  the  pecuHarities  which  dis- 
tinguish the  development  of  the  embryo  of  the  Vertebrata  from  the 
process  already  described  in  the  other  sub-Kingdoms.  These  peculiarities 
chiefly  consist  in  this ; — ^that  the  permanent  structure  is  developed  from 
the  central  portion  only  of  the  germinal  mass  (§  614) ;  and  that  the 
peripheral  portion  of  this,  as  well  as  the  germinal  membrane  whose  outer 
layer  is  an  extension  of  it,  have  (in  all  except  the  Batrachid)  but  a  very 
subordinate  and  temporary  office, — being  destined  (like  the  cotyledonous 
^[pansion  of  the  higher  Plants)  solely  for  the  imbibition  and  assimilation 
of  nutriment,  during  the  early  period  of  evolution.  The  separation  between 
the  centred  portion  of  the  germinal  mass,  in  which  the  permanent  struc- 
ture is  to  be  evolved,  and  the  peripheral  portion,  which  is  intended  to 
assist  in  its  evolution,  is  very  early  to  be  witnessed.  According  to  Dr. 
Barry's  observations  on  the  Rabbit,  when  the  mulbeiTy-VWe  xa^^'a^  x^^LOfts.'s* 
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the  tuHace  of  the  yolk,  and  begins  to  assmne  a  flattened  form,  a  peeafiv 
vevic'le  contained  in  it,  and  prerioualy  hidden  by  the  anperfidal  cdik,  eoncs 
into  view  (Fig,  2.02  and  2i>3,  a).  This  Tesicle  is  of  modi  larg^  dimnwiniit 
tlian  the  other  cells ;  and  it  is  characterised  by  the  presence  of  a  ranaik- 
akAt  nucleus  on  its  inner  sur£u».  This  nucleus  is  a  flattened  disk,  eon- 
sisting  (as  in  other  cases)  of  minute  grannies,  and  baring  in  its  eeatie 
a  transparent  space  filled  with  a  pellucid  fluid ;  it  is  from  the  odl-germs  of 
which  it  IB  composed,  that  the  tissues  <^the  true  embiyo  mostly  anpntU; 
and  the  development  of  these  appears  to  take  place  in  strict  aeeofdaBce 
with  the  laws  of  the  evolution  of  cells  within  cells,  which  bare  been  abeadjr 
stated  H  430).  The  embryonic  vesicle  itself  soon  partakes  of  the  geneiil 
flattening ;  and^  as  its  own  walls  and  the  fluids  contained  in  it  are  venr 
transfiarent,  it  forms  a  large  pellucid  area  (¥1g.  254,  ap^)  around  the 
nucleus,  ne\t9ini\n^  it  irfna  the  other  cells  of  the  germinal  mass  (Fig.  255, 
c,  e).  In  the  nucleus  of  this  vesicle,  a  distinct  separation  soon  maniffrti 
itself,  lietween  its  central  and  peripheral  portion ;  the  latter  is  first  dere- 
lof>ed  into  celb,  and  forms  a  hollow  membrane,  which  gradually  eitends 
itself  through  the  ovum,  until  its  surface  (Fig.  256,  </,  </,)  conies  in  oontaet 
with  the  layer  of  cells,  h,  which  had  been  previously  formed  beneath  the 
general  envelof>e  ((  614). 

652.  These  valuable  observations,  combined  with  those  already  quoted, 
serve  U)  fill  up  the  hiatus  in  the  history  of  the  development  d  the  Verte- 
hraUtil  crnbrj'o,  between  the  periwl  of  fertilisation,  and  the  appearance  of 
the  dcatritruJa  or  gemi-spot  upwi  the  surface  of  the  yolk,  which  is  the  first 
Ktag(;  of  (f volution  noticed  by  previous  observers.  This  cicatricula,  as  seen 
on  the  hwri'iM'At  of  the  yolk  of  the  new-laid  Bird's  egg,  is  a  smaU  round 
spot,  of  which  the  outer  portion  is  dark,  and  the  centre  transparent.  It 
frradually  assumes  an  oval  fonn ;  and  the  peripheral  portion,  which  consists 
of  the  orif^inal  cells  of  the  genninal  mass,  increases  rapidly  in  dimensions, 
ext(;nding  itself  over  the  surfacx*  of  the  yolk  ;  whilst  in  the  central  space  or 
area  pdlucida^  a  dark  line  shows  itself,  which  has  been  termed  the  prim- 
five  trace,  and  which  is  formed  (as  will  be  presently  shown)  by  the  com- 
mcjncing  development  of  the  central  cell-germs  of  the  nucleus.  The 
j)erif>heral  jiortion  of  the  germinal  mass  now  extends  itself,  by  the  forma- 
tion of  new  c(;ils,  which  adhere  together  so  as  to  constitute  a  membranoos 
expansion  (as  in  the  lower  classes  §  614)  ;  this  at  last  includes  the  whole 
yolk,  and  is  afterwards  lined  by  a  second  layer,  which  proceeds  from  the 
p(;rij)h(fry  of  the  nucleus.  It  is  commonly  stated  that  the  germinal  mem- 
hrane  thus  formed  splits  or  subdivides  into  layers ;  two,  the  serous  and 
mueouMy  being  traceable  at  first ;  and  the  latter  subdividing  into  two  more, 
the;  vascular  and  true  muc(MH,  at  a  subsequent  period.  This,  however, 
af)pears  to  be  an  erroneous  idea.  All  these  layers  are  formed  by  the 
extension  of  some  j)art  of  the  ori;^inal  germinal  mass ;  and  according  to 
\)r.  liarry's  observations  on  the  liabbit,  it  is  the  serous  wliich  first  appears, 
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and  then  the  vascular; — the  mucous  being  subsequently  produced  as  an 
additunud  layer  of  cells  on  the  interior  of  the  latter.  It  may  be  doubted, 
however^  whether  this  is  the  universal  law ;  and  Dr.  B.  himself  does  not 
apeak  with  confidence,  on  the  origin  of  the  vascular  and  mucous  layers. 

653.  We  have  next  to  trace  the  mode  in  which  the  granules  forming  the 
centre  of  the  nucleus  of  the  embryonic  cell,  are  developed  into  the  structures 
idiich  subsequently  make  their  appearance.  These  granules  successively 
become  cells,  by  a  course  of  evolution  exactly  conformable  to  that  which 
has  been  described  as  taking  place  within  the  germinal  vesicle  (§  430). 
Those  at  the  exterior  of  the  ring  are  first  developed ;  and  these  are  pushed 
outwards  by  another  series  formed  within  them ;  which  is  in  its  turn 
poshed  outwards  by  another  row  origmating  nearer  the  centre  of  the 
imdeus ; — and  so  on.  But  the  nucleus  does  not  retain  its  annular  form ; 
it  sends  out  a  prolongation  ^m  one  side,  in  such  a  manner  that  the  whole 
jnesents  somewhat  the  shape  of  a  pear,  of  which  the  lower  part  is  very 
narrow.  The  large  end  marks  the  situation  in  which  the  brain  is  afterwards 
to  be  formed ;  the  narrow  prolongation,  of  which  the  two  sides  approach 
eidi  other  so  as  almost  to  form  but  a  single  line,  occupies  the  place  of  the 
fbtore  spinal  column.  In  this  condition,  the  embryonic  structure  is  known 
as  the  primitive  trace  (Fig.  256 — 8,  a).  Although  the  nucleus  is  thus 
altered  in  form,  however,  the  development  of  its  cells  proceeds  in  the  same 
manner ;  for  those  of  the  linear  prolongation,  which  are  first  produced,  are 
poshed  outwards  by  new  rows  originating  nearer  the  median  line,  and  these 
aie  displaced  in  their  turn  by  others  within  them.  In  the  cells  at  first 
formed,  an  important  change  soon  manifests  itself ;  they  rise  up  on  each 
side  in  a  ridge,  leaving  a  groove  between  them  (Fig.  137,  b)  ;  the  two 
ridges  incline  towards  each  other,  so  as  to  meet  and  coalesce ;  and  by  their 
Qnion  a  tube,  c,  is  subsequently  formed,  which  is  the  rudiment  of  the 
Tertebral  column.  Previously,  however,  to  their  meeting,  these  plica 
ionales,  or  dorsal  laminse,  as  they  are  termed,  are  observed  to  contain,  in 
what  sobsequently  becomes  the  thoracic  region,  a  few  pairs  of  small  opaque 
^ates  (Fig.  259) ;  these  constitute  the  first  traces  of  the  division  of  the 
ecdomn  into  vertebrae,  of  which  they  afterwards  form  the  arches.  Within 
the  tube  thus  formed,  there  is  found  at  a  later  period  the  chorda  dorsalis, — 
a  sort  of  cartilaginous  tube  enveloping  the  rudimentary  nervous  system, 
exactly  as  it  permanently  does  in  the  lowest  Fishes  (§  40).  The  chorda 
dorsalis  is  formed  by  the  evolution  into  cells  of  a  portion  of  the  nucleus, 
interior  to  that  from  which  the  laminae  dorsales  arise ;  and  the  rudiments 
of  the  nervous  system  originate  in  a  part  of  the  nucleus  nearer  the  median 
fine  than  the  last.  Thus  it  appears  that  the  embryonic  structure  is  deve- 
loped from  the  nucleus  of  a  cell,  which  occupies  the  centre  of  the  germinal 
mass,  and  is,  therefore,  the  latest  formed ;  and  that  the  nervous  centres  are 
developed  from  the  centre  of  that  nucleus ;  whilst  the  Vertebrated  character 
of  the  embryo  very  early  manifests  itself. 


494  SPECIAL  AND   COMPARATITE   PHT8IOIX)GT. 

654.  During  the  time  that  these  changes  are  taking  {^aoe,  the  mem- 
hranoos  expansion  which  was  at  first  formed  around  the  jcXk^ — ordinarilY 
known  as  the  serous  layer  of  the  germinal  memhrane, — also  undergDes 
changes  of  a  very  remarkable  nature.  Those  parts  of  it  which  formed  the 
sides  of  the  area  pellucida  rise  and  approach  one  another;  and  at  last  thej 
meet  between  the  embryo  and  the  general  envelope  (fig.  258,  6,  6) ;  the 
fold  thus  produced  is  of  course  a  double  one ;  the  inner  layer  €ff  it  fonnt 
what  is  subsequently  known  as  the  amnion, — the  inner  of  the  two  mem- 
branous sacs  in  which  the  foetus  is  enclosed ;  and  the  outer  one  separates 
itself  from  this^  having  united  itself  with  the  membrane  surroanding  the 
yolk.  In  Fig.  257  are  shown  the  appearance  of  the  embryo^  partly  oo?eied 
in  by  the  amnion^  and  its  position  in  the  ovum  of  the  Rabbit,  as  repre- 
sented by  Dr.  Barry,  in  the  middle  of  the  fifth  day  after  fecundation ;  and 
with  this,  the  condition  of  the  embryo  of  the  Bird  on  the  second  d^ 
of  incubation  pretty  nearly  corresponds. 

655.  The  next  important  change  which  is  witnessed  in  the  oonditioii  of 
the  Vertebrate  embryo,  is  the  formation  of  the  Vascular  Area.  His  ii 
formed  by  another  expansion  of  the  peripheral  portion  of  the  oentnl 
nucleus,  around  the  embryo  ;  and  here,  as  it  would  seem,  takes  place  the 
formation,  from  the  materials  supplied  by  the  yolk,  of  the  blood  which  ii 
to  nourish  the  structures  that  are  now  being  rapidly  developed.  Tlus 
vascular  area  makes  its  appearance  during  the  second  day  of  incnbataon  in 
the  Bird's  egg ;  and  it  rapidly  extends  itself  over  the  surface  of  the  yolk. 
Islets  or  points  of  a  dark  colour  soon  appear  in  it ;  and  in  a  short  time 
regular  vessels  are  formed,  which  are  connected  with  the  incipient  heart  of 
the  embryo.  The  area  is  always  bounded  by  a  circular  vessel,  which  is 
called  the  terminal  sinus  ;  and  it  is  in  this  trunk,  which  must  be  regarded 
as  having  a  venous  character,  that  the  blood  first  collects  (Fig.  128).  It  is 
scarcely  j)ossible  to  contemplate  this  curious  provision  for  collecting  the 
nourishment  from  the  yolk,  for  converting  it  into  materials  fully  prepared 
for  organisation,  for  supplying  the  embryo  with  the  nutritious  fluid,  and 
for  renovating  this  when  returned  to  it, — ^without  being  struck  with  the 
remarkable  correspondence  between  the  mode  in  which  this  process  is 
effected,  and  that  which  has  been  described  in  the  Flowering  Plants.  Of 
the  germinal  mass,  originating  in  the  germs  introduced  by  the  pollen-tubes 
into  the  ovum,  the  peripheral  portion  expands  itself  into  a  membranous 
form, — the  cotyledon,  single  or  double ;  this  absorbs,  from  the  nourishment 
stored  up  in  the  seed,  that  which  is  necessary  for  the  present  and  fiiture 
supply  of  the  embryo ;  and  imparts  it,  as  it  is  needed,  for  the  development 
of  the  embryonic  structures.  The  cotyledonous  expansion  serves  at  a  later 
period,  like  the  vascular  area,  for  the  aeration  of  the  nutritious  fluid ;  and 
being,  like  it,  amongst  the  earliest-formed  of  all  the  parts  of  the  embryonic 
structures,  it  is  also  among  the  first  to  disappear.     The  further  history  ^ 
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the  development  of  the  Vertehrated  embryo  will  now  be  described,  as  it 
relates  to  the  bird,  which  is,  on  many  accoimts,  the  one  that  may  be  best 
selected  for  comparison. 

656.  During  the  first  day,  the  layers  of  the  germinal  membrane  have 
continued  nearly  flat  and  uniform ;  but  about  the  25th  hour,  they  begin  to 
exhibit  various  folds,  which  afterwards  serve  for  the  formation  of  the  cavities 
of  the  body.  The  parts  of  the  germinal  membrane  which  He  beyond  the 
extremities  of  the  embryo  are  folded  in,  so  as  to  make  a  depression  upon 
the  yolk ;  and  their  folded  margins  gradually  approach  one  another  (Fig. 
138,  9)  under  the  abdomen,  which  lies  next  the  interior  of  the  egg.  The 
layers  of  the  germinal  membrane  are  bent  down  also  towards  the  sides  of 
the  spinal  canal  (Fig.  137,  d)  ;  so  that  there  is  formed  imder  each  end 
of  the  embryo  a  short  sac  or  cavity,  which  communicates  with  the  yolk  by 
an  opening  common  to  both  (Fig.  139,  «).  These  sacs  indicate  the  rudi- 
mentary state  of  the  intestinal  tube ;  the  anterior  corresponding  to  the 
oesophagus,  the  posterior  to  the  lower  part  of  the  large  intestine.  The 
perforations  of  the  embryonic  structure,  by  which  the  two  ends  of  the 
alimentary  canal  are  made  to  open  outwardly, — the  mouth  and  anus, — are 
not  formed  until  a  later  period.  The  essential  character  of  the  digestive 
cavity  in  the  Vertebrata  is  really,  therefore,  the  same  as  it  is  in  the  lowest 
Animals ;  the  difference  being,  that  in  the  latter  the  whole  yolk-bag  enters 
into  its  formation,  whilst  in  the  former  it  is  developed  from  the  part  nearest 
to  the  embryo,  which  undergoes  an  alteration  and  extension  in  which  the 
rest  does  not  share.  In  all  Oviparous  animals,  however,  the  yolk-bag  is 
ultimately  received  into  the  abdomen ;  but  in  the  Mammalia  its  cavity 
is  separated  from  that  of  the  embryo  at  an  early  period,  by  the  contraction 
of  the  orifice  of  communication ;  and  it  is  finally  thrown  off. 

657.  The  Blood  of  the  Embryo  first  makes  its  appearance  in  the  Vas- 
cular Area ;  its  materials  are  derived  by  absorption  from  the  subjacent  yolk 
into  the  substance  of  the  germinal  membrane ;  and  the  nutritious  fiuid  is 
transmitted  to  the  embryo,  by  vessels  which  have  received  the  name  of 
omphalo-fnesenteric.  But  in  order  that  the  nutritious  matter  stored  up  by 
the  parent  may  be  converted  into  the  form  required  for  the  nutrition  of  the 
embryo,  it  is  necessary  that  it  should  undergo  some  changes,  in  which 
atmospheric  air  is  concerned,  as  in  the  germination  of  seeds  (§  447)  ;  and 
during  the  development  of  the  foetus,  its  blood  needs  aeration,  as  much  as 
does  that  of  the  adult  animal.  "  In  the  early  stages  of  development,  there 
appears  to  be  what  may  be  called  a  general  or  interstitial  Respiration,  or  a 
change  essential  to  life,  produced  by  oxygen  in  all  the  substance  of  the 
embryo,  or  of  its  accessory  parts,  which,  as  the  foetus  is  more  perfectly 
formed,  takes  place  in  particular  organs  only.  As  soon  as  a  peculiar  nutri- 
tive fluid  and  a  central  propelling  organ  are  produced,  this  fluid  is  exposed, 
on  the  expanded  surface  of  the  yolk,  to  the  influence  of  the  respiratory 
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medium,  either  directly,  or  through  the  coverings  of  the  ovum."*  The 
heart  is  first  seen  at  about  the  27th  hour,  as  a  dilatation  of  a  portion  of  the 
vascular  layer,  filling  a  space  between  the  serous  and  mucous  layers,  at 
the  anterior  fold  of  the  germinal  membrane  (Fig.  139,  b).  Its  walls  are 
as  yet  formed  only  of  the  cells  or  vesicles  of  which  that  membrane  consists ; 
and  this  structure  is  exhibited  by  it  even  at  a  later  period  (Fig.  270). 
When  it  has  come  into  regular  action,  a  portion  of  the  blood  sent  out  fi^m 
it  at  every  impulse,  passes  over  the  vascular  area,  where  it  undergoes  aera- 
tion, and  at  the  same  time  imbibes  new  materials  for  the  operations  in 
which  it  is  now  so  important  an  agent. 

658.  With  the  increasing  development  of  the  embryo,  and  the  corre- 
spondent emptying  of  the  yolk-bag,  it  becomes  necessary  that  some  more 
efficient  means  should  be  provided  for  exposing  its  blood  to  the  influence 
of  the  air ;  and  this  is  accompUshed  by  an  external  prolongation  of  the 
walls  of  the  intestine,  near  its  posterior  termination,  into  a  large  cut  de  8ae, 
which  is  termed  the  allantois  (Fig.  176,  d).     This  gradually  increases  in 
size,  passing  round  the  embryo,  and  beneath  its  enveloping  membranes,  so 
as  at  last  almost  completely  to  enclose  it.     The  surface  of  the  allantois  is 
plentifully  supplied  with  blood-vessels  from  the  foetus ;  and  as,  on  one  side, 
it  Ues  in  close  proximity  with  the  membrane  of  the  shell,  it  is  very  adyan- 
tageously  situated  for  receiving  the  influence  of  the  air.     The  allantois  has 
been  also  regarded  as  a  receptacle  for  the  fluid  secreted  by  two  curious 
glandular  bodies,  the  Corpora  Wolffiana,  which  occupy  a  considerable  space 
in  the  abdomen  at  this  period,  but  afterwards  disappear  altogether ;  their 
function,  which  seems  that  of  temporary  kidneys,  is  probably  to  eUminate 
the  superfluous  nitrogen  from  the  system.     By  the  vascular  surface  of  the 
Allantois,  the  aeration  of  the  foetal  blood  is  performed,  imtil  the  young 
Bird  is  ready  to  leave  its  shell.     The  rupture  of  its  envelope  is  caused 
entirely  by  its  own  exertions  ;  and  there  is  good  reason  to  believe,  that  the 
office  of  the  air-vesicle  is  to  enable  it  to  inflate  its  lungs,  previously  to  com- 
mencing these.     When  it  thus  becomes  independent  of  the  allantois,  the 
circulation  through  the  latter  diminishes ;  and  almost  the  whole  sac  is 
separated  from  the  body,  by  the  contraction  of  the  connecting  pedicle, 
which  at  last  gives  way. 

659.  In  FISHES,  however,  the  evolution  of  the  temporary  respiratory 
apparatus  does  not  take  place  to  nearly  the  same  extent.  The  embryo 
comes  forth  from  its  envelopes  at  comparatively  a  much  earher  period, — in 
fact,  long  before  the  yolk-bag  has  been  drawn  into  the  abdomen ;  so  that 
the  little  Fish  swims  about  with  this  sac  depending  from  it.  The  blood, 
which  is  distributed  on  its  surface,  is  thus  exposed  to  the  direct  influence 
of  the  surrounding  element ;  and  at  the  same  time  the  gills  are  coming  into 

*  See  the  excellent  paper  by  Dr.  Allen  Thomson,  on  the  development  of  the  Vagcular 
System  in  the  Foetus  of  Vertebrated  Animals ;  Edinb.  New  Philos.  Journal,  Vols.  ix. 
and  X. 
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action;  so  that  no  necessity  for  an  allantois  exists  on  this  account,  and 
none  is  ever  fonned.  In  most  of  the  Osseous  Fishes,  the  blood-vessels 
which  ramify  upon  the  yolk-bag  may  be  regarded  as  part  of  the  portal 
system ;  for  they  branch  off  from  the  intestinal  veins ;  and  return  into  the 
vena  cava.  As  the  yolk  diminishes  in  size,  and  the  permanent  respiration 
is  established,  the  blood  is  transmitted  more  directly  through  the  liver  to 
the  heart,  by  the  enlargement  into  regular  trunks,  of  vessels  that  were  at 
first  capillary,  just  as  in  the  metamorphosis  of  Batrachia  (§  364).  In  the 
Cartilaginous  Fishes,  however,  the  blood  sent  to  the  respiratory  surface  is 
derived  from  an  arterial  trunk,  as  in  all  the  higher  Vertebrata.  The  Cor- 
pora Wolffiana  are  of  large  size  in  Fishes  ;  and  they  seem  to  remain 
permanent  as  the  urinary  glands  of  this  class  (which  are  commonly  ranked 
as  kidneys),  instead  of  giving  place  to  the  true  kidneys  as  they  do  in  the 
higher  classes, — a  case  exactly  analogous  (if  correctly  stated*)  to  that  of 
the  respiratory  organs. 

660.  In  REPTILES,  the  development  of  the  temporary  respiratory  appa- 
ratus takes  place  on  the  same  plan  as  in  Birds, — the  Vascular  Area  being 
alone  subservient  to  this  function  during  the  early  period,  and  the  allantois 
being  subsequently  formed  and  superseding  it.  More  of  the  allantois  is 
usually  retained  within  the  animal,  however,  than  in  Birds.  In  the  Batra- 
chia it  forms  an  urinary  bladder  of  considerable  size,  which  seems  also  to 
act  as  a  reservoir  of  fluid  for  these  animals  (§  504)  ;  in  some  of  the  Turtles 
and  Serpents,  also,  a  large  proportion  of  it  remains ;  but  in  most  Lizards, 
as  in  Birds,  only  a  small  part  of  its  root  thus  enters  into  the  permanent 
structure.  A  remarkable  pecuharity  has  been  noticed  in  the  embryonic 
development  of  the  Frog,  which  carries  us  back  to  the  plan  on  which  it  is 
performed  in  the  Articulata  (§  631).  The  yolk-bag  is  not  separated  from 
the  cavity  of  the  abdomen  by  the  constriction  which  is  foimd  in  all  other  Ver- 
tebrata (§  656) ;  but  the  animal  organs  are  developed  from  the  germinal  mass 
on  one  side  of  it ;  whilst  the  whole  of  the  outer  layer  of  the  germinal  mem- 
brane remains  permanent  as  the  wall  of  the  abdomen  (the  cavity  of  which  is, 
therefore,  the  same  as  that  of  the  yolk-bag),  and  the  whole  of  the  inner  layer 
enters  into  the  composition  of  the  contained  viscera,  just  as  in  the  Spider. 

661.  It  now  only  remains  to  state  the  chief  peculiarities  in  the  develop- 
ment of  the  ovum  in  mammalia.  The  nutriment  contained  in  the  yolk- 
bag  is  here  subservient  to  the  first  stage  only  of  the  process ;  for  the  ovum 
speedily  forms  a  new  connection  with  the  parent,  by  which  it  receives  a 
continual  supply  of  aUment  during  the  whole  of  its  intra-uterine  life. 
The  early  changes  very  closely  correspond  to  those  which  take  place 
in  Birds  ;  but  it  soon  becomes  apparent  that  the  yolk-bag  is  destined,  not 
to  be  gradually  drawn  into  the  intestinal  canal,  as  in  Oviparous  animals, 
but  to  be  ultimately  separated  from  the  embryo.     The  passage  by  which 

*  The  Author  states  this  view  of  the  nature  of  the  Corpora  Wolffiana  on  the  authotitY 
of  Mr.  Owen. 
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I  vessels  (in  the  same  manner  as  the  peritonenm  is  reflected  over 
i  abdomiDal  viscera), — the  small  cavities  {commorilv  termed  cells)  thus 
(brmed  caminuiiicflliiig  freelv  with  eacL  other.  The  blood  is  conveyed 
into  the  placental  cavity  by  the  curling  arterla  of  the  ntenis ;  and,  after 
lising  the  blood  of  the  ftctus,  and  imparting  to  it  also  the  requisite 
Y  of  nutriment,  it  returns  to  the  uterus  by  large  apertures  comniiini- 
j  witfi  the  sinuses.  OccasionallT  the  tufts  of  fiptal  vessels  are  so 
t  prolonged  ns  to  dip  down  into  the  sinuses,  nhere  they  are  still 
1  by  a  refleidon  of  the  walls  of  the  cavitv.*  The  analogy  between 
I  and  the  branchla;  of  MoHusca  is  not  confined  to  their  own 
re,  bat  it  extends  also  to  their  situation  and  connections,  which  are 
;ous.  Their  fiknction,  too,  is  similar;  for  the  fcEtal  blood  is 
d  to  the  aerating  influence  of  a  surrounding  fluid  medtitm  ;  and 
y  essential  difference  is,  that  it  imbibes  nutritive  materials  already 
a  of  organisation,  besides  exchanging  its  carbonic  acid  for  oxygen. 
t  take  a  general  retrospect  of  the  whole  of  the  very 
f  process  we  have  been  considering,  we  shall  he  led  to  some 
IS  of  much  interest.  In  the  first  place,  then,  it  will  be  remarked 
1  twganiscd  beings  without  exception  take  their  origin  in  a  cell  or 
1  that  there  is  nothing  in  the  appearance  or  character  of  the 
\e  cell  of  the  Animal,  to  distinguish  it  from  that  of  the  Plant,  or 
e  permanent  cells  of  the  simplest  Vegetable  fabrics.  This  form  of 
,  therefore,  is  at  the  same  time  the  simplest  and  most  universal 
B  oTgaoiaed  world  ;  and  it  embodies  the  whole  idea  of  organisation. 
3  of  a  solid  and  fluid  part,- — a  coutaiuing  and  contained  jiortion, — 
;  luul  reaedog  upon  each  other  (§  17).  Prom  tliis  mogl  i/fneral 
n.  thercfere,  of  an  organised  hodv,  which  is  the  first  that  manifesfB 
' '!  '  |irodui!tion  of  a  new  structure,  a  move  special  form  soon 
I  ir  cbangeB  speedily  take  place  in  the  chWHter  of  tlie 
inahle  tijc  iiliscrvcr  tn  ilcterminf  thV'<Jiay(fem  to 
l.;.!-;  in  ltd 
Itudiat 
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it  communicates  with  the  digestive  cavity  gradually  narrows ;  and  the 
yolk-bag  remains  connected  with  the  embryo,  only  by  a  slender  foot-stalk. 
Along  this,  however,  the  first  blood-vessels, — the  omphalo-mesenteric, — are 
transmitted,  to  be  distributed  to  the  surface  of  the  yolk-bag ;  but,  at  a 
later  epoch,  these  vessels  commonly  become  obliterated,  and  the  yolk-bag 
itself  remains  of  such  minute  size  (whilst  the  other  parts  are  rapidly 
increasing),  that  it  can  scarcely  be  distinguished ;  it  is  then  known  as  the 
umbilical  vesicle.  The  formation  of  the  allantois  takes  place  as  in  Birds ; 
but  the  size  and  importance  of  this  sac  differ  much  in  the  various  tribes 
of  Mammalia.  In  all  but  the  lowest  Mammalia,  however,  its  function  is 
but  of  a  temporary  character,  speedily  giving  place  to  that  performed  by 
an  organ  peculiar  to  this  class,  which  is  elaborated  out  of  the  chorion. 
To  this  the  foetal  vessels  are  conveyed  by  the  vascular  layer  of  the  allan- 
tois, which  comes  in  contact  with  the  chorion  over  a  greater  or  less  extent 
of  surface,  and  sends  into  it  filamentous  prolongations  of  its  minute  arte- 
rial and  venous  tubes.  These  make  their  way  through  the  chorion,  and 
sprout,  as  it  were,  from  its  exterior,  so  as  to  give  it  a  flocculent  appear- 
ance. At  the  same  time  corresponding  changes  take  place  in  the  uteras. 
Its  Uning  membrane, — which  in  some  species  is  a  permanent  structure, 
and  in  others  (as  in  Man)  is  formed  afresh  and  thrown  oflF  at  every  preg- 
nancy,— ^becomes  very  vascular  and  spongy,  and  admits  the  processes  of 
the  chorion  to  interlace  with  its  own  vessels.  No  direct  communication 
takes  place  between  them,  however ;  but,  as  in  the  processes  of  secretion, 
&c.,  a  transudation  of  fluid  is  permitted  between  the  two  systems. 

662.  The  number  and  extent  of  the  points  of  connection  between  the 
embryo  and  the  parent,  differ  considerably  in  the  various  orders.  In  the 
inferior  tribes,  and  in  the  embryo  condition  of  the  higher,  they  are  diffused 
over  a  considerable  portion  of  the  chorion ;  in  others  there  are  a  certain 
number  of  spots  at  which  the  contact  is  efl^ected,  by  means  of  a  fleshy 
thickening  of  the  vascular  uterine  substance,  in  which  the  foetal  vessels 
become  imbedded,  forming  what  are  termed  cotyledons  (most  distinctly 
seen  in  the  Ruminantia)  ;  whilst  in  the  advanced  stages  of  gestation  in 
the  higher  orders,  the  interlacement  of  the  vessels  is  confined  to  one  spot, 
where  a  thick  spongy  mass  is  formed,  which  is  termed  the  placenta.  This 
mass  principally  consists  of  the  foetal  vessels,  which,  originally  coming  to 
it  as  three  trunks  (the  umbilical  arteries  and  vein),  ramify  and  diverge 
like  the  roots  of  a  tree,  interlacing  with  each  other  in  a  complex  manner, 
but  ending  in  free  tufts,  each  of  which  contains  a  minute  artery  and  vein, 
communicating  at  its  point,  just  as  in  the  branchial  tufts  of  aquatic  ani- 
mals. These  tufts  dip  down,  as  it  were,  into  a  cavity,  the  inner  wall  of 
which  is  formed  by  an  extension  of  the  Hning  membrane  of  the  large  veins 
or  sinuses  of  the  uterus ;  this  cavity  constitutes  what  is  ordinarily  regarded 
as  the  maternal  portion  of  the  placenta ;  and  it  is  irregularly  subdivided  by 
partitions,  formed  by  the  reflection  of  its  lining  membrane  over  the  tufts 
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of  foetal  vessels  (in  the  same  manner  as  the  peritoneum  is  reflected  over 
the  abdominal  viscera), — the  small  cavities  (commonly  termed  cells)  thus 
formed  communicating  freely  with  each  other.  The  blood  is  conveyed 
into  the  placental  cavity  by  the  curling  arteries  of  the  uterus ;  and,  after 
arterialising  the  blood  of  the  foetus,  and  imparting  to  it  also  the  requisite 
supply  of  nutriment,  it  returns  to  the  uterus  by  large  apertures  communi- 
cating with  the  sinuses.  Occasionally  the  tufts  of  foetal  vessels  are  so 
much  prolonged  as  to  dip  down  into  the  sinuses,  where  they  are  still 
retained  by  a  reflexion  of  the  walls  of  the  cavity.*  The  analogy  between 
these  tofts  and  the  branchiee  of  MoUusca  is  not  confined  to  their  own 
structure,  but  it  extends  also  to  their  situation  and  connections,  which  are 
very  analogous.  Their  ftmction,  too,  is  similar;  for  the  foetal  blood  is 
here  exposed  to  the  aerating  influence  of  a  surrounding  fluid  medium  ;  and 
the  only  essential  difference  is,  that  it  imbibes  nutritive  materials  already 
in  process  of  organisation,  besides  exchanging  its  carbonic  acid  for  oxygen. 
663.  If  we  now  take  a  general  retrospect  of  the  whole  of  the  very 
extraordinary  process  we  have  been  considering,  we  shall  be  led  to  some 
conclusions  of  much  interest.  In  the  first  place,  then,  it  will  be  remarked 
that  all  organised  beings  without  exception  take  their  origin  in  a  cell  or 
vesicle ;  and  that  there  is  nothing  in  the  appearance  or  character  of  the 
embryonic  cell  of  the  Animal,  to  distinguish  it  from  that  of  the  Plant,  or 
from  the  permanent  cells  of  the  simplest  Vegetable  fabrics.  This  form  of 
structure,  therefore,  is  at  the  same  time  the  simplest  and  most  universal 
in  the  organised  world ;  and  it  embodies  the  whole  idea  of  organisation. 
It  consists  of  a  soUd  and  fluid  part, — a  containing  and  contained  portion, — 
acting  and  reacting  upon  each  other  (§  17).  From  this  most  general 
condition,  therefore,  of  an  organised  body,  which  is  the  first  that  manifests 
itsdf  in  the  production  of  a  new  structure,  a  more  special  form  soon 
evolves  itself;  for  changes  speedily  take  place  in  the  character  of  the 
embryonic  mass,  which  enable  the  observer  to  determine  the  kingdom  to 
which  it  belongs.  At  first,  however,  there  is  nothing  in  its  aspect,  which 
determines  its  more  special  type  or  suh-Mngdomy — Radiated,  Annulose, 
Molluscous,  or  Vertebrated ;  but  this  is  next  evolved.  The  characters  of 
the  particular  cla^  then  manifest  themselves ;  the  embryo  of  the  Mammal, 
for  example,  is  known  from  that  of  the  Bird,  by  the  difference  in  the 
changes  which  take  place  in  reference  to  the  yolk-bag,  before  the  particu- 
lar order ^  family ^  genus,  and  species  to  which  it  belongs,  can  be  determined 
from  its  structure.  These  are  progressively  manifested, — ^the  original  law 
of  the  elaboration  of  a  special  type  out  of  one  more  general  being  closely 
applicable  here.f    The  characters  of  the  sex  make  their  appearance  at  a 

•  It  was  by  this  circumstance  that  Dr.  John  Reid  was  enabled  to  effect  his  beautiful 
and  simple  analysis  of  the  structure  of  the  Placenta.  See  Edinb.  Med.  and  Surg.  Journal, 
Jan.  1841. 

+  See  Dr.  Barry,  in  Edinb.  New  Phil.  Journal,  Jan.  18S7. 
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later  period ;  but  it  is  not  until  birth  that  those  of  the  individual  properly 
display  themselves. 

664.  In  regard  to  the  causes  which  influence  the  sex  of  the  offspring, 
nothing  is  certainly  known ;  but  some  facts  which  have  been  observed  on 
this  curious  subject  are  worthy  of  being  here  adverted  to,  with  the  purpose 
of  stimulating  further  enquiry.  It  is  stated  by  Mr.  Knight,  that  several 
kinds  of  monoecious  Plants  can  be  made  to  produce  solely-male  or  solely 
female  flowers,  by  regulating  the  quantity  of  light  and  heat  under  which  they 
are  grown.  If  the  heat  be  excessive,  compared  with  the  quantity  of  light 
which  the  plant  receives,  male  flowers  only  appear ; — ^but  if  light  be  in 
excess,  female  flowers  alone  will  be  produced.  In  this  case  it  is  evident 
that  both  sets  of  sexual  organs  exist  in  a  rudimentary  state ;  and  that  one 
or  the  other  kind  is  developed  according  to  external  circumstances.  To 
the  same  industrious  experimenter  we  owe  some  interesting  facts  in  regard 
to  Animals,  to  which  this  explanation  is  not  apphcable.  He  remarks 
that,  in  flocks  or  herds  of  domesticated  quadrupeds,  it  is  no  uncommon 
thing  to  meet  with  females^  whose  ofl^spring  is  almost  invariably  of  the 
same  sex,  although  it  have  resulted  from  intercourse  with  several  different 
males;  whilst,  on  the  other  hand,  he  has  never  met  with  males  that 
exhibited  any  such  uniformity  in  the  sex  of  their  offspring  with  different 
females.  Hence  he  concludes  that  the  female  parent  exercises  the  chief 
influence  in  determining  the  sex.  An  experiment  upon  the  fecundation  of 
Birds,  which  he  states  to  have  been  frequently  repeated,  gave  the  follo\\ing 
curious  result.  When  the  female  was  kept  without  intercourse  with  the  male, 
up  to  nearly  the  time  of  laying,  so  that  the  eggs  had  advanced  very  far  in 
their  development  at  the  time  of  fertilisation,  the  proportion  of  males 
among  the  offspring  was  very  large, — commonly  about  six  out  of  seven.* 
Some  observations  which  have  been  made  on  the  human  species  tend  to 
show,  that  there  is  a  probability  of  a  majority  in  the  number  of  one  sex 
over  the  other,  according  to  the  relative  ages  of  the  parent ; — the  male 
children  predominating  in  those  families  in  which  the  father's  age  is  con- 
siderably above  the  mother's,  and  vice  versa.f 

665.  It  may  be  reasonably  enquired,  to  what  are  due  the  phenonema  of 
hyhridity,  if  the  view  here  given  of  the  function  of  Reproduction  be  correct. 
When  two  parents  of  different  races  produce  offspring  (the  Hmits  to  which 
will  be  hereafter  stated,  §  669),  its  characters  are  usually  intermediate 
between  theirs.  Now  if  the  germ  be  supplied  by  the  male,  and  the  office 
of  the  female  be  only  to  nourish  it,  how  (it  may  be  asked)  does  it  acquire 
any  likeness  to  her  ?  The  same  question  appUes,  of  course,  equally  well 
to  Vegetable  as  to  Animal  reproduction.  It  is  not,  perhaps,  difficult  to 
answer  it  satisfactorily,  by  taking  an  extended  survey  of  the  phenomena 
bearing  upon  it.     As  a  general  rule  it  may  be  stated,  that  the  condition 

*  Selection  from  Mr.  Knight's  Physiological  Papers,  pp.  347,357. 
f  Quetelet  sur  L'Homme,  Tom.  i.  p)^.  52,53. 
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of  beings  of  the  lower  classes  is  much  more  influenced  by  the  nature  and 
amount  of  the  Vital  stimuh  to  which  they  may  be  subjected,  than  is  that 
of  the  higher ;  and  the  same  law  applies  to  higher  beings  in  an  early  grade 
of  development,  in  which  their  condition  so  much  corresponds  with  that  of 
the  lower.  It  is  easy  to  imderstand,  then,  that  alterations  in  the  nature 
of  the  food,  or  of  other  agents  by  which  the  development  of  the  embryo 
is  effected,  will  have  a  great  influence  on  it.  We  can  scarcely  have  a  more 
striking  example  of  this,  than  the  conversion  of  the  larva  of  the  working 
Bee  into  a  Queen,  under  the  sole  influence  of  food  and  a  larger  cell  (§  207). 
When  it  is  considered  that,  from  the  time  when  the  germ  is  introduced 
into  the  ovum,  to  the  period  when  it  comes  forth  in  its  fully-developed 
state,  it  is  entirely  supported  on  the  nutriment  afforded  by  its  female 
parent,  it  will  not  be  wondered  at  that  it  should  acquire  some  resemblance 
to  her ;  especially  when  it  is  considered  what  an  important  part  is  per- 
formed, in  the  process  of  organisation,  by  the  fibrinous  and  albuminous 
elements  of  the  blood,  with  which  the  foetus  is  supplied, — any  change 
in  these  influencing  her  own  structure,  as  well  as  that  of  her  offspring. 


CHAPTER  XIV. 

SUBORDINATE     LAWS     REGULATING    THE     EXERCISE     OF    THE     REPRO- 
DUCTIVE   FUNCTION. DISTINCTION    OF   SPECIES. PROPAGATION    OF 

SPONTANEOUS    OR    ACQUIRED    PECULIARITIES. 

666.  When  we  contemplate  the  immense  number  of  diversified  forms, 
which  the  study  of  the  organised  creation  brings  under  our  notice,  and 
witness  these  distinct  forms  perpetuated,  as  it  would  seem,  by  the  process 
of  Reproduction,  so  as  to  constitute  separate  races,  the  question  naturally 
arises,  whether  all  these  had  a  different  origin ;  or  whether  the  characters 
of  any  of  them  have  been  so  modified  in  the  course  of  time,  as  to  lead  to 
the  beUef  in  a  diversity  of  origin  among  those,  which  were  at  first  really 
identical.  When  it  can  be  shown  that  two  races  have  had  a  separate 
origin,  they  are  regarded  as  of  different  species ;  and,  in  the  absence  of 
proof,  this  is  inferred,  when  we  see  some  peculiarity  of  organisation,  cha- 
racteristic of  each,  so  constantly  transmitted  from  parent  to  offspring,  that 
the  one  cannot  be  supposed  to  have  lost,  or  the  other  to  have  acquired  it, 
through  any  known  operation  of  physical  causes.  It  cannot  be  regarded 
as  an  unimportant  question  to  the  naturalist,  to  ascertain  what  these  con- 
stant distinctions  are;  whilst  it  is  an  investigation  of  1a\^  YCL\«t^^\./\x!k ^ 
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physiological  point  of  view,  to  trace  the  modifying  influence  of  external 
circumstances  upon  the  structure  and  functions  of  hving  heings,  and  to 
enquire  how  far  the  results  of  such  influences  may  be  transmitted  heredi- 
tarily, so  that  the  diflerence  produced  by  them  may  be  perpetuated. 
Where  races  which  have  originally  sprung  from  a  common  stock  present 
marked  differences,  they  are  spoken  of  as  varieties  ;  and  the  variety  may 
be  transienty  from  its  peculiarity  manifesting  a  tendency  to  disappear, — 
or  permanent^  where  it  continues  to  be  transmitted  without  change.  The 
uncertainty  of  the  Umits  of  species  is  daily  becoming  more  and  more 
evident ;  and  every  naturalist  is  aware,  that  a  very  large  number  of  races 
are  usually  considered  as  having  a  distinct  origin,  when  they  are  nothing 
more  than  permanent  varieties  of  a  common  stock.  Whilst  the  exertions 
of  the  enterprising  discoverer  are  adding  to  our  already  enormous  list  of 
species,  from  the  unexplored  resources  of  foreign  lands,  the  skill  of  the 
horticulturist  and  of  the  breeder  is  exerted  to  produce  new  varieties  of 
species  already  in  our  catalogues  ;  and  it  has  unfortunately  too  often  hap- 
pened, that  a  new  specific  name  has  been  invented  for  the  latter  as  well  as 
for  the  former ;  and  that  a  mere  hybrid  or  transient  variety  has  thus  taken 
the  rank  of  a  species,  to  the  concision  of  all  true  principles  of  arrange- 
ment. The  philosophic  naturalist,  on  the  other  hand,  aims  to  reduce  the 
number  of  species,  by  investigating  the  degree  of  variation  which  each  is 
liable  to  undergo,  the  forms  it  assumes  at  different  periods  of  its  existence, 
the  permanent  characters  by  which  it  may  be  distinguished  during  its 
whole  life,  the  habits  which  are  natural  to  it,  the  degree  in  which  these 
may  be  changed  by  the  influence  of  circumstances ;  and,  in  fine,  he 
endeavours  to  become  acquainted  with  the  whole  natural  history  of  a 
reputed  species,  before  separating  it  from  another  to  which  it  may  be 
closely  allied. 

6^7 '  Many  examples  may  be  given  of  the  success  with  which  this  mode 
of  investigation  is  now  being  prosecuted.  The  belief  which  is  gaining 
ground,  that  many  diversified  forms  of  the  simpler  Cryptogamia  may  arise 
from  similar  germs  developed  under  different  circumstances,  has  ah'eady 
been  noticed  (§  94 — 9).  The  same  may,  perhaps,  be  surmised  without 
improbabiUty  of  the  Infusorial  Animalcules;  and  with  respect  to  these, 
patient  observation  has  already  done  much  in  reducing  the  number  of 
species  amongst  the  forms  previously  known  (whilst  the  improved  powers 
of  the  microscope  have  revealed  many  new  ones),  by  showing  that  the 
same  individual  may  present  very  diversified  appearances  at  different 
times,  owing  to  the  variable  distention  of  its  digestive  cavities,  and  the 
changes  which  it  undergoes  in  the  process  of  fissiparous  reproduction 
(§  602).  Among  the  higher  Plants,  the  experiments  of  Mr.  Herbert 
on  the  primrose,  cowslip,  oxslip,  and  polyanthus  (which  he  proves  to  be 
all  varieties  of  one  species),  are  sufficient  evidence  of  the  important  results 
which  would  probably  accrue  from  a  similar  investigation  in  other  quarters. 


DISTINCTION    OF   SPECIES.  503 

In  Zoology,  &g&m>  the  very  interesting  paper  of  Mr.  Gray*  may  be 
referred  to,  as  proving  the  great  influence  of  external  circumstances  in 
modifying  the  form  of  shells  ;  it  is  there  shown,  among  other  instances, 
that  what  have  been  regarded  as  six  distinct  species  of  Murex  (§  135)  are  in 
reality  but  different  states  of  one;  and  Mr.  S.  Stutchbury  has  been  equally 
successful  in  reducing  the  number  of  species  of  Patella,  Cyprsea,  and 
Oliva,  by  attending  to  the  changes  of  form  which  each  individual  under- 
goes in  the  progress  of  its  development.  Many  instances  might  be  related 
in  proof  of  the  uncertainty  of  reputed  specific  distinctions  among  higher 
classes.  Insects  have  been  seen  presenting  the  characters  of  different 
species  on  the  two  sides  of  the  body ;  and  it  is  now  certain  that  an  erro- 
neous multipHcation  of  species  among  Birds,  especially  in  the  migrating 
tribes,  has  been  occasioned  by  their  change  of  plumage  at  different  sea- 
sons. There  is  a  species  of  Butterfly  which  presents  itself  under  two 
forms,  to  which  different  specific  names  (Vanessa  prorsa  and  V,  levana) 
have  been  given ;  two  broods  are  produced  every  year ;  and  those  which 
appear  in  April  have  the  first  form,  whilst  those  which  come  out  in  June 
present  the  second.f  And  finally,  to  return  to  the  Vegetable  kingdom, 
the  uncertainty  of  all  principles  of  arrangement  founded  upon  arbitrary 
characters,  has  been  demonstrated  by  the  fact  recently  published,^  that  the 
flowers  and  pseudo-bulbs  of  three  distinct  genera  of  Orchideous  plants  have 
been  produced  by  the  same  individual. § 

668.  It  has  been  formerly  stated  (§  104)  that  the  Naturalist  endeavours 
to  simplify  the  acquirement  and  pursuit  of  his  science,  by  the  adoption  of 
easily-recognised  external  characters  as  the  basis  of  his  classification  ;  but 
these  can  only  be  safely  employed,  when  indicative  of  pecuharities  in  in- 
ternal structure,  which  are  found  to  be  Uttle  subject  to  variation,  and  which 
are  not  liable  to  be  affected  by  the  influence  of  physical  causes.  The 
colour  of  flowers,  for  example,  is  Uable  to  so  much  alteration  from  the 
influence  of  soil  and  cUmate,  that  it  is  seldom  regarded  as  of  itself  any 
test  of  the  unity  or  diversity  of  species.  In  moths  and  butterflies,  on  the 
other  hand,  the  uniform  appearance  of  particular  spots  on  the  wings  is 
often  held  sufficient  to  constitute  a  specific  character,  because  it  is  never 
known  to  vary  in  those  kinds  ;  and  it  would  probably  be  found  associated, 
if  the  examination  were  pushed  far  enough,  with  some  unequivocal  differ- 
ences in  the  configuration  of  internal  organs :  in  other  cases,  however, 
there  is  considerable  tendency  to  change ;  but,  as  in  the  colouring  of 
plants,  there  are  usually  certain  Umits  within  which  the  varieties  of  shade 
are  restrained.     Sometimes  one  sex  varies  extremely  little,  while  the  form 

•  PhiloB.  Transactions,  1833.  t  Lacordaire,  Entomologie,  torn.  n.  p.  420, 

t  Linn.  Trans.  voL  xvii. 

$  This  fact  has  also  come  under  the  author^s  own  notice  in  the  Durdham  Down  Kur- 
sery,  near  Bristol,  two  of  the  genera  being  the  same  as  in  the  instance  just  quoted,  but 
the  third  a  different  one,  so  that  four  may  thus  be  regarded  as  of  the  same  t^^^e*. 
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and  colour  of  the  other  present  much  diversity.  Amidst  all  these  diffi- 
culties attending  the  discrimination  of  species  from  structural  characters 
alone,  it  is  not  unreasonable  to  enquire,  if  there  are  any  other  means  of 
effecting  the  object  with  greater  certainty.  This  subject  has  been  fully 
considered  by  Dr.  Prichard  in  his  elaborate  work  on  the  Physical  History 
of  Man ;  all  that  can  be  here  considered,  are  the  laws  regulating  the 
intermixture  of  species,  and  the  propagation  of  hereditary  or  acquired 
pecuharities. 

669.  The  conclusion  which  has  now  been  attained  on  the  first  of  these 
points,  and  which  (if  stated  in  a  sufficiently  general  form)  is  equally  appli- 
cable to  both  the  Animal  and  Vegetable  kingdoms,  may  be  regarded  as  one 
of  the  most  valuable  tests  which  naturahsts  possess.  In  Plants,  the  stigma 
of  the  flower  of  one  species  may  be  fertihsed  with  the  pollen  of  an  allied 
species ;  and,  from  the  seeds  produced,  plants  of  an  intermediate  cha- 
racter may  be  raised.  But  these  hybrid  plants  will  not  perpetuate  the 
race  ;  for,  although  they  may  ripen  their  seed  for  one  or  two  generations, 
they  will  not  continue  to  reproduce  themselves  beyond  the  third  or  fourth. 
But,  if  the  intervention  of  one  of  the  parent  species  be  used,  its  stigma 
being  fertilised  with  the  pollen  of  the  hybrid,  or  vice  versdy  a  mixed  race 
may  be  kept  up  for  some  time  longer ;  but  it  will  then  have  a  manifest 
tendency  to  return  to  the  form  of  the  parent  whose  intervention  has  been 
employed.  Where,  on  the  other  hand,  the  parents  were  themselves  only 
varieties,  the  hybrid  is  only  another  variety,  and  its  powers  of  reproduction 
are  rather  increased  than  diminished ;  so  that  it  may  continue  to  propa- 
gate its  own  race,  or  may  be  used  for  the  production  of  other  varieties, 
almost  ad  infinitum.  In  this  way  many  beautiful  new  varieties  of  gardeu 
flowers  have  been  obtained,  especially  among  such  species  as  have  a  natural 
tendency  to  change  their  aspect.*  Amongst  Animals,  the  limits  of  hybri- 
dity  are  more  narrow,  since  the  hybrid  is  totally  unable  to  continue  its 
race  with  one  of  its  own  kind  ;  and  although  it  may  be  fertile  with  one  of 
its  parent  species,  the  progeny  will  of  course  be  nearer  in  character  to  the 
pure  blood,  and  the  race  will  ultimately  merge  into  it.f     In  Animals,  as 

*  There  are  many  instances  in  which  foreign  plants  have  been  introduced  into  this 
country,  and  have  received  different  specific  names,  but  have  been  found  capable  of  pro- 
ducing fertile  hybrids;  in  these  cases  a  more  accurate  examination  of  the  original  locality 
h;i8  generally  shown,  that  the  parents  were  nothing  more  than  permanent  varieties,  or 
even  hybrids  naturally  occurring  between  other  varieties.  This  is  particularly  the  case 
with  many  of  the  South  American  genera,  such  as  that  elegant  garden  flower,  the  Cal- 
ceolaria -,  and  this  is  probably  the  explanation  of  the  almost  indefinite  number  of  splendid 
varieties,  well  known  to  horticulturists,  which  may  be  obtained  from  the  South  Ameri- 
can Amaryllis. 

t  One  or  two  instances  have  been  mentioned,  in  which  a  mule  has,  from  union  with  a 
similar  animal,  produced  offspring  ;  but  this  is  certainly  the  extreme  limit,  since  no  one 
has  ever  maintained  that  the  race  can  be  continued  further  than  one  generation,  without 
admixture  with  one  of  the  parent  species. 
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among  Plants,  the  mixed  offsprings  originating  from  different  races  within 
the  Hmits  of  the  same  species,  generally  exceed  in  vigour,  and  in  the  ten- 
dency to  multiply,  the  parent  races  from  which  they  are  produced,  so  as 
often  to  gain  groimd  upon  the  older  varieties,  and  gradually  to  supersede 
them.  Thus,  the  mixture  of  the  European  races  with  the  Hindoo  and 
South  American,  has  produced  tribes  of  such  superior  characters  of  body, 
and  of  such  rapid  tendency  to  multipUcation,  that  there  is  reason  to 
believe  that  they  will  ultimately  become  the  dominant  powers  in  the  com- 
munity.* The  general  principle,  then,  is  that  beings  of  distinct  species, 
or  descendants  from  stocks  originally  different,  cannot  produce  a  mixed 
race  which  shall  possess  the  capability  of  perpetuating  itself;  whilst  the 
union  of  varieties  has  a  tendency  to  produce  a  race  superior  in  energy  and 
fertility  to  its  parents. 

670.  In  examining  into  the  characters  of  the  different  species  of  Plants 
and  Animals  with  which  different  regions  on  the  earth's  surface  are  peo- 
pled, the  naturalist  soon  becomes  aware,  that  there  are  many  kinds  which 
are  restricted  to  particular  locaHties,  whilst  others  are  diffused  extensively 
or  even  universally  over  the  globe  ; — ^that  there  are  some  spots  (especially 
insular  ones),  of  which  the  aboriginal  inhabitants  are  almost  entirely  dif- 
ferent from  those  elsewhere  found ; — and  yet  that  amongst  these  there  will 
always  be  found  species  holding  the  same  rank  with  regard  to  the  remain- 
der, and  thus  representing  each  other  in  different  coimtries.f  Thus,  the 
species  of  Plants  and  Animals,  originally  inhabiting  the  eastern  and  western 
hemispheres,  were  probably  almost  entirely  different,  until  the  agency  of 
man  changed  their  geographical  distribution ;  and  almost  the  same  may 
be  said  of  the  species  north  and  south  of  the  Equator.  On  the  other  hand 
man,  and  his  constant  attendants  the  dog  and  the  house-fly,  exist  in  every 
quarter  of  the  globe.  Again,  we  find  in  New  Holland  no  quadrupeds  which 
do  not  belong  to  the  order  Marmpialia  or  Mmiotremata  (§  108),  with  the 
exception  of  a  dog  which  is  believed  to  have  been  introduced  by  man,  and 
to  have  run  wild ;  and  none  of  these  species  are  found  elsewhere.  The 
greater  part  of  the  plants  also  belong  to  new  genera ;  and  those  included 
in  the  genera  already  known  constitute  distinct  species, — ^with  scarcely  any 
exception  but  among  the  Cryptogamia,  the  distribution  of  which  seems 
more  extended  than  that  of  Flowering-plants.  The  Flora  of  insular  situa- 
tions, if  at  a  great  distance  from  land,  contains  very  few  species  which 
occur  elsewhere.     Thus,  among  the  Flowering-plants  of  St.  Helena,  which 

•  Several  additional  instances  of  this  kind  are  related  in  Dr.  Prichard's  work,  vol.  i. 
p.  147,  and  in  Mr.  Combe's  Constitution  of  Man,  chapter  v. 

+  "  We  see  in  two  distant  countries  a  similar  relation  between  the  Plants  and  Insects 
of  the  same  families,  though  the  species  of  both  are  different.  When  man  is  the  agent  in 
introducing  into  a  country  a  new  species,  this  relation  is  often  broken ;  as  one  instance  of 
this  I  may  mention  that  the  leaves  of  the  cabbages  and  lettuces,  which  in  England  afford 
food  to  such  a  multitude  of  slugs  and  caterpillars,  in  the  gardens  near  Rio  are  untouched." 
Darwin,  Op.  Cit. 
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is  so  far  removed  even  from  the  western  shores  of  Africa,  there  have  heen 
found,  put  of  6 1  native  species,  only  two  or  three  which  exist  in  any  other 
part  of  the  globe.  From  these  and  many  similar  facts  it  appears  fair  to 
conclude,  that  every  species  of  plant  and  animal  had  originally  a  distinct 
locality,  from  which  it  has  been  dispersed,  according  to  the  capabiHties 
possessed  by  its  structure  of  adapting  itself  to  changes  in  its  external  con- 
ditions, its  own  locomotive  powers,  and  the  degree  in  which  it  is  subject  to 
external  agencies.  "What  is  a  rare  plant,"  says  Decandolle,  "but  one 
which  is  so  organised  that  it  can  only  Uve  in  a  particular  locahty,  and 
which  perishes  in  all  others ;  such  a  plant  is  incapable  of  assuming  dif- 
ferent forms.  What,  on  the  other  hand,  is  a  common  plant  ?  It  is  one 
robust  enough  to  exist  in  very  different  localities,  and  imder  very  different 
circumstances,  and  which  will  therefore  put  on  many  different  forms." 
Plants,  then,  are  Hable  to  run  into  varieties  in  proportion  as  they  are  more 
robust,  more  common,  or  more  cultivated ;  and  some  native  species  are, 
from  this  cause,  domesticated  with  greater  difficulty  than  many  exotics. 
Precisely  the  same  may  be  said  of  Animals ;  those  which  have  the  power  of 
adaptation  to  differences  of  temperature,  food,  &c.  are  most  universally  dif- 
fused ;  while  those  which  can  only  exist  within  narrower  Hmits  of  variation 
are  restricted  to  the  neighbourhood  of  their  original  locality.* 

671.  It  becomes  a  most  interesting  question,  then,  to  determine  what 
are  the  changes  which  may  be  produced  by  the  influence  of  external  cir- 
cumstances, and  how  far  these  are  hereditarily  transmissible.  On  this 
subject,  a  few  facts  may  be  stated,  which  will  give  an  insight  into  the 

*  The  geographical  distribution  of  organised  beings  is  a  question  of  the  highest  interest 
to  the  Physiologist  as  well  as  to  the  Naturalist ;  and  it  is  one  of  those  which  requires  the 
utmost  elucidation  it  can  obtain  from  the  combined  researches  of  both.  Probably  in 
regard  to  no  group  of  Plants  or  Animals  have  principles  of  greater  definiteness  and  gene- 
rality been  attained,  than  those  recently  announced  by  M.  Milne-Edwards  as  the  result 
of  his  study  of  the  geographical  distribution  of  the  Crustacea.  Of  these,  the  following  is 
an  abstract : — 1.  Each  species  appears  to  have  had  its  own  central  origin  and  limited 
distribution  ;  very  few  species  are  found  to  inhabit  regions  distant  from  each  other,  and 
these  are  the  kinds  best  adapted  for  swimming. — 2.  Though  the  number  of  individuals 
does  not  seem  less  in  polar  than  in  tropical  regions,  the  forms  and  modes  of  organisation 
become  more  numerous  and  diversified  as  we  approach  the  equator ;  these  differences 
become  not  only  more  numerous  but  more  important;  the  number  of  natural  groups  thus 
increases  with  the  temperature  ;  and  it  is  only  in  tropical  regions  that  we  meet  with  the 
most  dissimilar  forms  of  structure. — 3.  The  species  most  elevated  in  the  scale  are  de6- 
cient  in  polar  regions ;  and  their  proportional  number  augments  as  we  approach  the 
equator. — 4.  The  hottest  regions,  therefore,  are  those  in  which  we  see  the  peculiarities  of 
structure  characteristic  of  the  several  groups,  carried  to  their  highest  degree. — 5.  A  re- 
markable coincidence  exists,  also,  between  the  temperature  of  different  regions,  and  the 
existence  or  predominance  of  certain  forms  of  Crustacea.  Thus,  although  the  Crustacea 
of  the  tropical  seas  of  India  and  of  America  are  specifically  distinct,  they  have  a  great 
general  analogy  in  their  relations  to  one  another,  and  in  their  differences  from  the  Faunas 
of  colder  regions.  See  Histoire  des  Crustaces,  torn.  iii. ;  and  Ann.  des  Sci.  Nat.  N.S. 
Zool.  tom.  X. 
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nature  of  the  enquiry ;  but  it  is  one  which  deserves  more  attention  than 
it  has  yet  received,  since  it  is  not  only  essential  to  the  correctness  of  all 
Natural-history  classifications,  but  is  connected  with  some  of  the  highest 
questions  in  Physiological  science.  One  of  the  most  obvious  distinctions, 
where  it  is  well  marked,  is  that  of  size  ;  and  yet  a  little  examination  vnll 
show  that  it  is  one  most  open  to  fallacy.  Thus,  a  plant  only  a  few  inches 
high  in  a  poor  dry  soil,  may  become  much  larger  in  a  damp  rich  one  j  and 
this  is  a  very  common  effect  of  cultivation.  On  the  other  hand,  by  starva- 
tion, naturally  or  artificially  induced.  Plants  may  be  dwarfed,  or  reduced 
in  stature :  thus,  the  Dahlia  has  been  diminished  from  six  feet  to  two ;  the 
Spruce  Fir,  from  a  lofty  timber  tree  to  a  pigmy  bush  ;  and  many  of  the 
trees  of  plains  become  more  and  more  dwarf  as  they  ascend  mountains,  till 
at  length  they  exist  as  mere  underwood.  That  a  similar  influence  will  be 
productive  (within  narrower  hmits,  however,)  of  corresponding  effects  in 
the  Animal  kingdom,  no  one  can  be  ignorant ;  and  a  very  curious  illustra- 
tion is  given  by  Mr.  Gray,  of  the  effect  of  external  conditions  upon  the  size 
of  Mollusca,  in  the  fact  that  there  is  so  much  difference  of  size  between 
individuals  of  Bulimus  rosaceus  on  the  coast  and  on  the  mountains  of 
Chili,  that  the  latter  have  been  described  as  distinct  species.  He  also  men- 
tions that  the  Littorina  petrtjea  foimd  on  the  south  side  of  Plymouth  Break- 
water acquires,  from  its  superior  exposure  to  hght  and  heat,  and  probably 
also  from  the  greater  supply  of  nutriment  which  it  obtains,  twice  the  size 
which  is  common  to  individuals  hving  on  the  north  side  within  the  har- 
bour.* It  is  interesting  to  remark  that  these  great  variations  occur  in 
Animals  which,  from  their  fixed  condition,  and  the  preponderance  of  their 
nutritive  system,  have  most  alliance  with  the  Vegetable  kingdom  ;  and  it 
seems  probable  that  a  diminution  of  the  vital  stimuH,  which  in  them  only 
reduces  the  growth,  would  be  fatal  to  other  tribes  whose  animal  powers  are 
more  active,  and  which  have  therefore  greater  means  of  suiting  their  ex- 
ternal conditions  to  their  bodily  constitution.  This  view  is  remarkably 
borne  out  by  facts  with  which  the  Entomologist  is  conversant.  Among 
Insects,  it  is  rare  to  find  individuals  varying  much  from  the  average  size, 
especially  on  the  side  of  excess.  Where  individuals  are  seen  (as  some- 
times happens)  of  not  more  than  half  their  usual  dimensions,  the  cause 
has  probably  been  a  deficiency  of  nutriment  during  the  larva  state,  which 
is  much  more  influenced  than  the  adult  by  external  conditions.  This 
variation  is  most  apt  to  present  itself  in  the  very  large  species  of  Beetles, 
which  pass  several  years  in  the  larva  state ;  and  sub-species  have  been 
erected  upon  dwarf  specimens  of  these.  Abstinence  has  been  observed  to 
produce  a  remarkable  effect  on  some  Caterpillars,  diminishing  the  number 
of  moults  and  accelerating  the  transformation ;  the  Chrysalis  is  more 
delicate,  and  the  size  of  the  Imago  much  below  the  average, 

*  Gray,  in  Philos.  Trans.  1833,  p.  786. 
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672.    Other  modifications  in  the  form  and  relative  size  of  individual 
parts  are  very  common  in  Vegetables,  where  the  tissues  are  so  simple,  and 
the  different  organs  so  much  alike  in  elementary  constitution.     Thus,  cul- 
tivation often  converts  a  single  flower  into  a  double  one,  by  the  metamor- 
phosis of  its  stamens  into  petals,  or  by  the  development  of  a  row  of  petals 
previously  abortive,  or  by  the  change  of  the  small  tubular  florets  of  a 
Composite  flower  (like  those  composing  the  disk  or  eye  of  the  Dahlia)  into 
the  flat  expanded  florets  which  constitute  the  ray.    Cultivation  has  a  similar 
effect  in  obhterating  the  spines,  prickles,  and  thorns,  from  the  surface  of 
many  plants  ;   a  change  which  was  fancifully,  but  not  improperly,  termed 
by  Linnseus  "  the  taming  of  wild  fruits."     The  instances  of  such  altera- 
tions effected  by  external  agency  in  the  Vegetable  kingdom,  are  almost 
innumerable ;   and  they  are  not  confined  to  structure^  being  observed  in 
habit  also.     Thus,  many  plants,  which  are  annuals  in  a  cold  climate,  be- 
come perennial  if  transported  to  the  torrid  zone ;   and  plants  which  are 
usually  hiennialy  forming  their  organs  of  vegetation  one  year,  and  those  of 
fructification  in  the  second,  and  then  perishing,  may  be  converted  into 
annuals  by  heat,  or  into  triennials  by  cold.     It  is  very  difficult,  however, 
to  say  how  far  the  varieties  thus  created  may  become  permanent  by  their 
hereditary  transmission.    The  usual  principle  is,  that  propagation  by  seeds 
will  only  reproduce  the  species,  the  race  not  being  continued  with  any  cer- 
tainty.    In  most  Plants  which  have  been  much  altered  by  cultivation- 
such  as  the  Apple,  the  Cabbage,  or  the  Dahlia — the  seeds,  if  dropped  on  a 
poor  soil,  will  produce  offspring  which  approximates  to  the  original  type  of 
the  species ;  whilst  from  the  seeds  of  the  Cerealia  (corn-grains),  which  are 
believed  to  have  been  originally  grasses  of  some  very  different  aspect,  no 
other  forms  are  ever  produced,  which  might  assist  in  the  solution  of  the 
curious  problem  of  their  origin.      It  is  not  improbable  that,  as  among 
animals,  varieties  which  arise  from  some  pecuUarity  in  the  constitution  of 
the  being  itself,  are  more  liable  to  be  reproduced  in  the  offspring,  than 
those  which  are  simply  the  result  of  external  agencies.      It  is  evident,  at 
least,  that  here  also  the  capability  of  undergoing  such  modifications,  is  that 
which  renders  the  species  most  truly  valuable  to  man. 

673.  Amongst  Animals,  the  various  breeds  of  domestic  cattle,  of  the 
horse,  dog,  &c.  afford  abundant  evidence  of  the  modifying  influence  of  ex- 
ternal conditions  ;  since  there  is  no  doubt  that  they  have  originated  from 
single  stocks,  and  that  their  peculiarities  have  been  engrafted,  as  it  were, 
upon  their  specific  characters.  Between  the  Shetland  pony  and  the  Ara- 
bian racer,  for  example,  or  between  the  Newfoundland  dog  and  the  Itahan 
greyhound,  there  would  seem  much  greater  difference  than  between  the 
Lion  and  Tiger  (the  sculls  of  which  are  so  much  ahke  that  even  Cuvier  was 
not  always  able  to  distinguish  them),  or  between  various  other  species  of 
the  Fehue  tribe,  which,  from  the  incapability  of  domestication,  have  not 
heen  exposed  to  such  influences.     That  these  domesticated  races,  however 
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different  their  external  characters,  have  a  common  origin,  is  proved  by  the 
fact  that,  whenever  they  return  to  a  state  of  nature, — as  is  the  case  with 
the  dogs  introduced  by  the  Spaniards  into  Cuba,  and  the  horses  and  wild 
cattle  which  now  overspread  the  plains  of  South  America, — the  differences 
of  breed  disappear,  and  a  common  form  is  possessed  by  all  the  individuals. 
It  is  not  a  httle  curious,  too,  that  instincts  which  must  have  remained  dor- 
mant for  many  generations  during  the  domesticated  condition  of  the  race, 
should  re-appear  when  this  change  takes  place  in  its  habits  ;  thus,  among 
the  wild  horses  of  South  America  there  is  the  same  tendency  to  associate 
in  herds,  under  the  protection  of  a  leader,  as  among  those  of  Asia,  whose 
ancestors  are  not  known  to  have  ever  been  reduced  to  subjection.  "It 
seems  reasonable  to  conclude,'*  as  Mr.  Lyell  has  justly  remarked,  "  that 
the  power  bestowed  on  the  horse,  the  dog,  the  ox,  the  sheep,  the  cat,  and 
many  species  of  domestic  fowls,  of  supporting  almost  every  climate,  was 
given  expressly  to  enable  them  to  follow  man  throughout  all  parts  of  the 
globe,  in  order  that  he  may  obtain  their  services,  and  they  our  protection." 
''Unless  some  animals  had  manifested  in  a  wild  state  an  aptitude  to 
second  the  efforts  of  man,  their  domestication  would  never  have  been 
attempted.  If  they  had  all  resembled  the  wolf,  the  fox,  and  the  hysena, 
the  patience  of  the  experimentalist  would  have  been  exhausted  by  innu- 
merable failures,  before  he  at  last  succeeded  in  obtaining  some  imperfect 
results  ;  so,  if  the  first  advantages  derived  from  the  cultivation  of  plants, 
had  been  eUcited  by  as  tedious  and  costly  a  process  as  that  by  which  we 
now  make  some  shght  additional  improvement  in  certain  races,  we  should 
have  remained  to  this  day  in  ignorance  of  the  greater  number  of  their 
useftd  qualities." 

674.  How  all  the  varieties  of  breeds  have  been  produced,  which  are  now 
so  striking,  is  a  question  much  more  easily  asked  than  repUed  to  satisfac- 
torily. That  peculiarities  of  structure  sometimes  arise  independently  of 
external  agencies  can  scarcely  be  doubted ;  thus,  it  is  by  no  means  uncom- 
mon to  find  individuals  of  the  human  species  with  six  fingers  and  six  toes  ; 
and  such  peculiarities  are  more  likely  to  be  continued  hereditarily  than 
those  which  have  been  acquired.  Sometimes  advantage  has  been  taken  by 
man,  of  accidental  varieties  of  this  kind,  for  some  purpose  useful  to  him ; 
and  he  has  exerted  his  skill  to  perpetuate  them.  The  following  example 
is  of  comparatively  recent  occurrence.  In  the  year  1791  one  of  the  ewes 
on  the  farm  of  Seth  Wright  in  the  state  of  Massachusets,  produced  a  male 
lamb,  which,  from  the  singular  length  of  its  body  and  the  shortness  of  its 
legs,  received  the  name  of  the  otter  breed.  This  physical  conformation, 
incapacitating  the  animal  from  leaping  fences,  appeared  to  the  farmers 
aroimd  so  desirable,  that  they  wished  it  continued.  Wright  determined 
on  breeding  from  this  ram,  and  the  first  year  obtained  only  two  with  the 
same  peculiarities.  The  following  years  he  obtained  greater  numbers ; 
and,  when  they  became  capable  of  breeding  with  one  another,  «w  \ye^  «sA 
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strongly-marked  variety,  before  unknown  to  the  world,  was  established.* 
This  shows  the  influence  which  the  circumstance  of  a  scanty  population 
may  have  formerly  had  in  the  production  of  varieties,  both  in  the  human 
and  other  species.  At  the  present  time,  any  pecuUarity  which  may 
occasionally  arise,  speedily  merges  by  intermixture,  and  returns  to  the 
common  standard ;  but  it  may  be  imagined  that,  in  the  older  ages  of  the 
world,  some  race  in  which  a  pecuUarity  existed,  may  have  been  so  far 
separated  from  the  rest,  as  to  necessitate  frequent  union  among  its  mem- 
bers, so  that  the  character  would  be  rendered  still  more  marked,  instead 
of  disappearing ;  and,  being  propagated  for  a  few  generations,  would  l>e 
rendered  permanent. 

675.  Acquired  pecuharities,  on  the  other  hand,  are  seldom  reproduced 
in  the  offspring,  unless  they  have  a  relation  with  the  natural  habits  and 
physical  wants  of  the  species  ;  but,  when  this  relation  exists,  they  may  be 
transmitted  as  regularly  as  the  specific  character.  Thus,  in  dogs,  the 
relative  perfection  of  the  organs  of  sight  and  smell,  perhaps  also  of  hear- 
ing, varies  much  in  diflFerent  breeds,  and  their  mode  of  hunting  their  prey 
undergoes  a  corresponding  change ;  but  in  these  cases  no  new  instinct  is 
developed,  the  diflerence  merely  consisting  in  the  relative  proportion  of 
those  already  existing  ;  and  the  new  pecuharities  have  an  intimate  relation 
to  the  habits  of  the  animal  in  a  wild  state  .f  It  is  impossible  not  to  recog- 
nise in  many  acquired  habits,  however,  something  more  than  a  relation  to 

•  Phil.  Trans.  1813. 

+  In  a  mongrel  race  of  dogs  employed  by  the  inhabitants  of  the  banks  of  the  Magda- 
lena  almost  exclusively  in  hunting  the  white-lipped  Pecari,  a  peculiar  instinct  appears  to 
have  become  hereditary,  like  that  of  the  pointers  and  other  dogs  of  this  country.     The 
address  of  these  dogs  consists  in  restraining  their  ardour,  and  attaching  themselves  to  no 
animal  in  particular,  but  keeping  the  whole  herd  in  check.    Now  among  these  dogs  some 
are  found  which,  the  very  first  time  they  are  taken  to  the  woods,  are  acquainted  with  this 
mode  of  attack  -,  whereas,  a  dog  of  another  breed  starts  forward  at  once,  is  surrounded  by 
the  Pecari,  and,  whatever  may  be  his  strength,  is  destroyed  in  a  moment.     Mr.  Lyell 
mentions  that  some  Englishmen  engaged  in  conducting  the  operations  of  the  Real  del 
Monte  Company  in  Mexico,  carried  out  with  them  some  greyhounds  ot  the  best  breed,  to 
hunt  the  hares  which  abound  in  that  country.     The  great  platform  which  is  the  scene  of 
sport,  is  at  an  elevation  of  about  9000  feet  above  the  level  of  the  sea,  and  the  mercury  in 
the  barometer  stands  habitually  at  the  height  of  about  19  inches.     It  was  found  that  the 
greyhounds  could  not  support  the  fatigues  of  along  chase  in  this  attenuated  atmosphere; 
and  before  they  could  come  up  with  their  prey,  they  lay  down  gasping  for  breath  ;  but 
these  same  animals  have  produced  whelps,  which  have  grown  up,  and  are  not  in  the  least 
degree  incommoded  by  the  want  of  density  in  the  air,  but  run  down  the  hares  with  as 
much  ease  as  the  fleetest  of  their  race  in  this  country.     Some  curious  instances  of  a  simi- 
lar propagation  of  acquired  peculiarities  connected  with  the  natural  habits  of  the  race,  are 
given  us  by  Mr.  Knight,  Phil.  Trans.  1837  ;  the  most  remarkable,  perhaps,  are  the  facts 
related  of  the  Retriever.     Dr.  Hancock  remarks  that  transplanted  races  of  men,  after 
long  residence  in  a  country,  begin  to  present  some  of  the  characters  of  the  aborigines ; 
and  that  negro  families,  which  have  long  dwelt  with  whites  as  domestics,  gradually 
acquire  an  European  physiognomy,  so  that  a  Dutch  negro  may  be  distinguished  from 
others. 
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the  instincts  necessary  for  the  preservation  of  the  species  ;  they  evidently 
anse^  in  part  at  least,  from  the  connection  of  the  race  with  man.  This  is 
more  particularly  exempUfied  in  the  instance  of  the  breed  of  shepherds' 
dogs,  which  often  display  an  extraordinary  hereditary  sagacity  respecting 
their  peculiar  vocation ;  as  well  as  in  cases  which  have  been  frequently 
mentioned,  where  the  descendants  of  dogs  to  which  pecuhar  tricks  have 
been  taught,  have  displayed  an  unusual  aptitude  for  learning  the  same.  It 
may  then  be  considered  that  the  capability  of  undergoing  such  modifica- 
tions, is  a  part  of  the  psychical  as  well  as  structural  character  of  the  dog, 
even  in  a  wild  state  ;  and  that  his  relation  to  man  may  have  as  important 
an  influence  on  his  hereditary  propensities,  as  the  supply  of  their  physical 
wants  has  on  animals  of  other  species.  The  same  may,  perhaps,  be  said 
of  the  horse,  in  the  races  of  which  we  find  peculiar  habits  transmitted  from 
parent  to  offspring,  which  are  the  pure  results  of  human  instruction.  It 
is  from  the  want  of  this  relation  towards  either  the  natural  habits  of  the 
species  or  their  subserviency  to  man,  that  habits  acquired  by  other  animals 
do  not  become  hereditary.  Thus,  pigs  have  been  taught  to  himt  and 
point  game  with  great  activity  and  steadiness,  and  other  learned  indivi- 
duals of  the  same  species  have  been  taught  to  spell ;  but  these  acquire- 
ments have  in  no  instance  been  transmitted  to  the  offspring,  not  being  the 
result  of  the  development  or  modification  of  any  instinctive  propensity 
naturally  existing.  In  like  manner,  however  artificially  the  forms  of 
domesticated  animals  may  have  been  altered  in  all  the  individuals  of  suc- 
cessive generations,  the  usual  character  of  the  species  and  variety  is 
maintained  in  each  one  of  the  offspring ;  unless,  as  sometimes  happens, 
this  alteration  happens  to  coincide  with  natural  varieties  of  the  species. 
Thus,  instances  are  on  record  in  which  dogs,  that  have  been  deprived  of 
their  tails  by  accident  or  design,  have  produced  puppies  with  a  similar 
deficiency ;  but  as  breeds  of  tail-less  dogs  have  spontaneously  arisen,  there 
would  be  a  stronger  tendency  to  the  perpetuation  of  the  acquired  pecu- 
liarity, than  when  no  such  peculiarity  naturally  occurred.  It  has  also  been 
asserted,  however,  that  cats  deprived  of  their  tails  will  often  produce  one 
or  two  tail-less  kittens  at  each  birth ;  and  that  a  cat,  which  had  its  tail 
distorted  by  accident,  has  been  known  to  transmit  the  deformity  to  some 
of  its  offspring.  These  are  certainly  exceptions  to  the  general  rule,  but 
must  not  be  left  out  of  view  ;  there  can  be  no  doubt  that  much  has  yet  to 
be  learned,  of  the  influence  of  the  state  of  the  parent  upon  the  development 
of  the  offspring ;  and  that,  though  credulity  and  the  love  of  the  marvel- 
lous have  been  the  occasion  of  many  strange  fictions  being  transmitted 
to  us,  we  are  by  no  means  justified  in  rejecting  the  doctrine  without  further 
enquiry.* 

•  Montgomery  on  the  Signs  of  Pregnancy,  p.  16.  See  also  Walker  on  Intermarriage, 
pp.  275 — 8,  for  several  remarkable  examples  of  the  influence  of  the  mental  condition  of 
the  mother  at  the  time  of  conception,  upon  the  offspring,  in  various  d.oxc^e&^caXe^^\\&aN&. 
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676.  Any  one  who  takes  an  extensive  survey  of  the  psychical  as  well  as 
corporeal  peculiarities  of  the  human  race,  must  discover  that  both  are  sus- 
ceptible of  a  higher  degree  of  education  than  are  those  of  any  other  tribe  of 
animals  ;  and  it  is  in  consequence  of  this,  that  man  has  surmounted  the 
obstacles  interposed  by  his  naked  and  defenceless  condition,  and  found  the 
means  of  existence  in  every  part  of  the  globe.  And  in  general  it  may  be 
observed,  that  the  greater  the  difficulties  presented  by  circumstances  to  the 
supply  of  his  instinctive  wants,  the  more  are  his  intellects  called  into  exer- 
cise for  their  gratification.  Thus,  the  conditions  of  civilised  life  are  more 
calculated  to  excite  the  dormant  energies  of  his  mind,  than  the  pastoral 
habits  of  the  Nomade  tribes,  scarcely  now  advanced  beyond  patriarchal 
simplicity,  or  the  easily  satisfied  wants  of  the  Indian  hunter  or  the  Poly- 
nesian fisherman.  If,  again,  this  power  of  self-adaptation  had  been  confined 
to  the  mind  of  man,  whilst  his  body  continued  unable  to  resist  changes  in 
its  external  conditions,  or  to  perform  those  actions  which  his  new  circnm- 
stances  might  require,  his  race  must  as  necessarily  have  ceased  long  ago  to 
exist,  except  in  spots  peculiarly  favoured  by  Nature,  as  if,  with  his  present 
organisation,  he  had  been  made  dependent  upon  those  mere  instincts, 
which  are  just  capable  of  maintaining  his  life  when  supphed  by  the 
ministration  of  others.  The  educability  of  man's  bodQy  frame  is  in  fact 
scarcely  less  remarkable  than  that  of  his  psychical  powers.  Although 
each  of  his  organs  of  sensation  is  naturally  inferior  in  acuteness  to  the 
corresponding  organ  of  some  other  animal,  it  may  be  rendered  by  constant 
I)ractice  so  far  superior  to  the  usual  standard,  as  to  convey  a  degree  of 
information  greater  than  that  which  brutes  can  attain.  Thus,  the  ex- 
j)erience(l  searnau  announces  with  confidence  the  jiroximity  of  land,  or  the 
aspect  and  direction  of  a  vessel,  wliich  the  ordinary  voyager  cannot  dis- 
cern ;  and  the  watchful  ear  of  the  North  American  Indian  distinguishes 
the  tread  of  friends  or  foes,  when  his  civilised  companion  is  unconscious 
of  their  neighbourhood.  Tliat  these  acquired  powers  are  sometimes  pro- 
[)agated  as  hereditary  instincts,  seems  probable  when  we  remember  that, 
among  some  savage  nations  of  North  America  and  New  Holland,  precisely 
the  same  notion  of  direction  is  manifested,  as  is  evinced,  in  a  degree 
scarcely  more  remarkable,  by  the  lower  animals  ;  individuals  frequently 
traversing  pathless  forests  for  the  first  time,  without  swerving  in  the  least 
from  the  direct  line  towards  the  point  at  which  they  are  aiming.  No  one, 
who  has  sufficient  oj)[)ortunity  of  observation,  can  doubt  that  the  intellec- 
tual faculties,  which  have  been  developed  by  cultivation,  are  generally 
transmitted  to  the  offs[)ring  in  an  improved  state ;  so  that  the  descendant 
of  a  line  of  educated  ancestors  will  probably  have  a  much  higher  capacity 
for  instruction  than  the  child  that  springs  from  an  illiterate  race. 
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%^^,  the  power  of  executing  movements,  without  the  direct  application 
of  mechanical  force,  cannot  be  in  itself  regarded  as  a  charcteristic  of  the 
Animal  kingdom ;  since  many  evidences  of  it  are  seen  among  Vegetables. 
This  power  must,  it  is  obvious,  depend  upon  a  property,  inherent  in  some 
of  the  tissues  of  the  organism,  of  contracting  under  the  influence  of  pecu- 
liar sthnuli ;  and  there  is  no  more  difficulty  in  imagining  a  tissue  to  be 
possessed  of  such  a  property,  than  in  acknowledging  its  power  to  separate 
l&om  the  circulating  fluid  the  elements  of  its  nutrition,  and  to  convert 
them  into  an  organised  fabric.  This  property  of  contractility  on  the 
application  of  a  stimulus,  may  be  readily  distinguished  from  the  elasticity 
which  is  simply  due  to  the  mechanical  relation  of  the  particles  composing 
the  tissue  ;  the  latter  being  retained  as  long  as  there  is  no  evident  decom- 
position, whilst  the  former  is  an  essentially  vital  endowment.  An  elastic 
ligament,  when  stretched,  tends  to  contract  only  in  virtue  of  the  mechanical 
force  which  has  been  created  in  it ;  but  a  muscle  which  contracts  upon  the 
stimulus  of  a  simple  touch,  or  one  of  a  still  less  mechanical  nature,  can  do 
so  only  by  a  property  of  its  own.  This  property  is  diflused,  in  various 
degrees,  through  a  large  proportion  of  the  Vegetable  as  well  as  the  Animal 
kingdom.  It  is  probably  possessed  by  all  the  tissues  actively  concerned 
in  the  nutrition  and  reproduction  of  the  beings  belonging  to  the  former  ; 
and  it  is  manifested  under  the  influence  of  the  vital  stimuU  (heat,  light, 
moisture,  &c.),  as  well  as,  in  some  pecuHar  cases,  in  obedience  to  im- 
pressions of  a  mechanical  nature.  In  the  lowest  and  simplest  Animals, 
whatever  degree  of  contractihty  is  possessed,  appears  to  be  almost  equally 
diffused  through  the  system ;  and  we  can  neither  discover  in  them  any 
structure  specially  endowed  with  this  property,  nor  anything  resembling 
a  nervous  system  fitted  to  call  it  into  exercise.  In  proportion  as  we  ascend 
the  scale,  however,  we  find  a  distinct  muscular  structure  evolved,  in  which 
the  general  contractility  of  the  body  becomes,  as  it  were,  concentrated ; 
and,  in  proportion  to  its  development  and  complexity,  it  supersedes  the 
corresponding  but  more  feeble  powers  of  the  remainder  of  the  tissues.  It 
is  now  almost  entirely  subjected  to  the  nervous  system  ;  and  all  those  parts 
of  it,  which  are  not  connected  with  the  functions  of  organic  life  merely,  are 
rendered  subservient  to  the  will,  and  thus  become  the  instruments  of  its 
operation  upon  the  place  and  condition  of  the  body. 

678.  It  is  among  the  lowest  classes  of  Plants  that  some  of  the  most 
curious  and  inexplicable  motions  are  witnessed.  Those  which  occur  in 
connection  with  the  reproductive  functions  have  already  \ieew  xw'csJCMSfc^x 
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but  there  are  others  no  less  interesting.  Thus,  in  the  plants  of  the  group 
of  OscillatoricBf  belonging  to  the  class  of  alg^e,  the  filaments  have  a 
movement  of  alternate  flexion  and  extension,  writhing  like  worms  in  pam ; 
sometimes  they  appear  to  twist  spirally,  and  then  to  project  themselves 
forward  by  straightening  again.  These  movements  are  greatly  influenced 
by  temperature  and  other  external  circumstances  ;  in  heat  and  solar  light 
they  are  more  active  than  at  a  low  temperature  and  in  shade  ;  and  they 
are  checked  by  any  strong  chemical  agents,  which  also  put  a  stop  to  the 
motions  of  the  animalcules  inhabiting  the  same  water.  Another  group  of 
Algse,  that  of  NostochiruBy  manifests  similar  properties.  Its  members  are 
generally  composed  of  several  distinct  portions,  which  unite,  like  some  of 
the  compound  animals,  during  a  part  of  their  existence,  and  afterwards 
separate;  these  have  considerable  power  of  spontaneous  movement,  the 
causes  of  which  it  is  equally  difficult  to  detect.* 

679.  In  many  of  the  higher  Plants,  evident  movements  may  be  ob- 
served,—sometimes  taking  place  m  obedience  to  the  ordinary  vital  stimufi, 
and  forming  part  of  the  regular  series  of  phenomena  of  growth  and  repro- 
duction ; — and  sometimes  being  performed  in  respondence  to  excitement 
of  a  mechanical  kind.  The  immediate  connection  of  these  movements  with 
the  organic  fiinctions,  in  the  first  class  of  instances,  and  the  indication 
they  would  seem  to  give  of  consciousness  and  sensibiUty  in  the  second, 
have  led  many  persons  to  seek  for  an  explanation  of  them  in  the  fancied 
attribute  of  a  nervous  system.  But  it  will  be  seen,  if  the  question  be 
fairly  investigated,  that,  whilst  no  evidence  of  its  presence  is  furnished  by 
the  minutest  anatomical  research,  no  argument  for  its  operation  can  be 
deduced  from  the  phenomena  observed.  In  the  simplest  and  most  intelli- 
gible instances  of  sensible  motions  in  plants,  the  change  is  the  result  of  the 
contraction  of  the  part  to  which  the  stimulus  is  applied.  Thus,  if  the 
base  of  the  filament  of  the  Berberry  be  touched  with  the  point  of  a  piu, 
the  stamen  immediately  bends  over  and  touches  the  style.  In  this  case, 
the  movement  is  produced  by  the  peculiar  contractiUty  of  the  tissue  on 
the  interior  side  of  the  filament,  which,  when  called  into  operation  by  the 
apj)lication  of  a  stimulus,  necessarily  occasions  the  flexion  of  the  stalk. 
This  peculiar  irritability  has  a  relation  with  the  functions  of  the  flower ; 
since,  when  called  into  play  (as  it  frequently  is)  by  the  contact  of  insects, 
the  fertilisation  of  the  stigma  will  be  assisted.  Many  similar  instances 
might  be  adduced,  in  which  a  corresponding  operation  is  connected  with 
the  process  of  reproduction  in  Plants. 

GHO.  There  are  cases  of  more  complexity,  however,  in  which  an  irrita- 
tion of  one  part  produces  motion  in  a  distant  and  apparently-unconnected 
organ.  Thus,  in  the  Bioncea  muscipula  (Venus'  fly-trap),  the  contact  oi 
any  substance  with  one  of  the  three  prickles  which  stand  upon  each  lobe 

*  From  the  researches  of  Ehrenberg,  it  would  seem  that  many  of  the  beings,  associated 
hy  Botanists  in  this  tribe,  really  belong  to  the  Animal  kingdom. 
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of  the  leaf,  will  occasion  the  closure  of  the  lobes  together,  by  a  change 
taking  place  in  their  leaf-stalk.  And  in  the  Mimosa  pudica  (Sensitive 
Plant),  any  irritation  appHed  to  one  of  the  leaflets  will  occasion,  not  only 
its  own  movement  towards  its  fellow,  but  the  depression  of  the  rib  from 
which  it  springs  ;  and,  if  the  plant  be  healthy,  a  similar  depression  will  be 
produced  in  the  principal  leaf-stalk,  and  even  in  the  petioles  of  other 
leaves.  Now,  in  Animals,  such  a  propagation  of  a  stimulus  would  un- 
doubtedly be  effected  by  the  nervous  system ;  and  it  might  be  plausibly 
argued  from  analogy,  that  it  could  not  be  performed  without  a  similar 
apparatus  in  plants.  Let  it  be  first  enquired,  however,  how  the  indivi- 
dual functions  of  the  more  complex  and  specialised  structures  among 
Vegetables  are  harmonised  and  brought  into  relation  with  one  another. 
The  whole  system  of  the  plant,  it  must  be  recollected,  is  immediately  de- 
pendent upon  external  stimuH  for  its  maintenance.  All  its  vital  properties 
are  closely  connected  with  the  support  of  its  organic  Kfe,  and  the  continu- 
ance of  its  race :  all  its  energies  are  directed  towards  these  ends.  Each 
organ  possesses,  to  a  considerable  extent,  an  independent  vitahty;  and 
each^  when  separated  from  the  rest,  can  perform  its  own  function,  as  long 
as  the  conditions  essential  to  it  are  suppHed.  All  the  functions,  however, 
are  blended  and  harmonised  in  the  most  perfect  Plant  by  means  of  the 
circulating  system ;  and,  from  the  ordinary  phenomena  of  vegetable  nutri- 
tion, there  is  no  reason  to  beheve  that  any  other  bond  of  union  exists, 
since  they  may  be  all  referred  to  the  vital  endowments  of  the  several  parts 
thus  brought  into  connection  with  one  another. 

681.  Now  with  regard  to  the  movements  under  consideration,  it  is 
beautiful  to  observe,  that  Nature,  in  effecting  a  new  purpose,  has  accom- 
plished it,  not  by  adding  an  entirely  new  structure,  but  by  modifying 
those  already  existing.  The  irritability  of  which  they  are  the  result,  ap- 
pears to  be  of  precisely  the  same  character  with  that  just  now  described 
in  the  Berberry.  In  fact,  it  seems  but  an  exaltation  of  that  common  to 
most  of  the  vegetable  structure,  which  exhibits  itself  under  various 
forms ;  thus,  the  leaf  of  the  wild  Lettuce  exudes,  when  the  plant  is  in 
flower,  the  milky  juice  contained  in  its  vesicles,  if  these  be  irritated  by  the 
touch ;  and  the  contraction  of  the  poison-gland  of  the  Nettle,  when  the 
tubular  hair  which  surmounts  it  is  pressed,  appears  to  be  another  mani- 
festation of  the  same  property.  This  irritability  has  been  shown  to 
operate  upon  distant  parts,  in  the  case  of  the  Mimosa,  and  probably 
also  in  the  Dionsea,  through  the  circulating  system.  Where  each  leaflet 
is  implanted  upon  its  rib,  there  is  a  little  swelling  or  intumescence ;  this 
is  more  evident  where  the  lateral  ribs  join  the  central  one ;  and  it  is  of 
considerable  size  at  the  base  of  the  petiole,  where  it  is  articulated  with 
the  stem.  The  experiments  which  have  been  made  upon  its  properties, 
have  been  performed,  therefore,  in  the  latter  situation ;  but  the  description 
of  their  results  will  apply  equally  well  to  the  rest.    1l\v%  \xv\xrav<^^'Cfc\NRfe 
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CKnsbU  of  a  sneenlnil  tissae,  wlncli,  oo  the  vpper  sde,  jfiyeiis  ^vir  db- 
tamlAtf  and  oo  the  loirer  Terr  irritable.  In  the  osoal  piwitinM  of  die 
leaf  or  leaflet,  the  distension  of  the  two  sides  seems  etjaaJtw  halanrrd ;  ta 
anr  means  which  causes  an  increase  of  flnid  on  the  upper  side,  or  a  con- 
traction of  the  resides  on  the  lower,  will  ohfiooslT  give  riae  to  flexion  of 
the  stalk.  The  latter  effect  maj  be  readih'  pvodnced  br  toiidiii^  tint 
part  of  the  intumescence  itself;  and  then  the  leaf  or  leaflet  will  be 
depressed  by  the  contraction  of  the  part  immediateiy  irritated,  jost  as  b 
tlie  case  of  the  stamen  of  the  Berbemr.  The  same  result  fdlkms  the 
Stimulation  of  this  part  by  an  electric  spark,  hy  the  eoncentiation  of  the 
srin's  rays  upon  it  with  a  burning  g^ass,  or  hy  diemical  agents ;  and  iC 
instead  of  applying  a  temporarr  stimulus,  whose  effect  is  speedilY  iccoiered 
from,  a  notch  be  made  in  the  lower  side  of  the  intumescence,  the  babmce 
between  its  resistance  and  the  expansire  tendency  of  the  upper  side  b 
then  pcnmanently  destroyed,  and  the  stalk  remains  depressed.  Nov, 
supposing  the  lower  side  to  be  in  its  usual  condition,  flexion  of  the  stalk 
may  result  also  from  whatever  distends  the  vesicles  of  the  upper  put  of 
the  intumescence  ;  and  this  is  the  mode  in  which  the  movement  is  ususllv 
effected.  For  a  stimulus  applied  to  any  part  of  the  leaf  will  cause  a  con- 
traction of  its  vesicles  ;  and  the  fluid  expelled  frcfm  them  is  carried  by  the 
circulating  system  to  the  distensible  portion  of  the  intumescence  belonging 
to  each  leaflet,  and  to  that  of  the  petiole  itself.  The  experiments  of 
Diitrochct  have  completely  established,  that  it  is  to  the  vascular  system 
alr)no  that  this  propagation  of  stimulus  is  due  ;  and  these  harmonise  most 
c^imfilctely  with  what  was  previously  known  of  the  influence  of  this 
Hystem  in  the  Vegetahle  economy. 

f)H2.  It  af)[)ears,  then,  that  these  evident  motions  are  readily  explicable 
on  the  supposition,  that  contractility  is  a  property  of  various  tissues  of 
IMants,  and  that  this  may  be  excited  by  stimuli  of  a  physical  nature.  To 
8upj)osc  more,  would  be  unphilosophical  because  unnecessary.  There  are 
other  movements,  however,  arising  from  causes  which  originate  in  the 
system  itself,  of  which  some  notice  should  be  taken.  Such  are,  the  fold- 
ing of  the  flowers  and  drooping  of  the  leaves,  known  as  the  sleep  of 
plants.  These  phenomena  seem  due  to  a  diminution  in  the  activity  of 
those  vital  processes,  by  which  the  turgescence  of  the  soft  parts  of  the 
structure  is  maintained ;  and  this  diminution  appears  partly  to  result  from 
the  withdrawal  of  the  usual  stimuli,  especially  light,  and  to  be  in  part  of 
a  periodical  character.  For  it  is  found  that  artificial  light  and  warmth 
will  cause  many  flowers  and  leaves  to  erect  themselves  for  a  time ;  and 
that,  hy  proper  management,  the  usual  periods  maybe  completely  reversed. 
But  th(^  phenomenon  cannot  be  altogether  explained  on  this  principle; 
since  there  are  many  plants  of  which  the  flowers  only  expand  in  the 
night,  and  which  must  be  kept  in  darkness  to  prevent  them  from  closing. 
Much  would  seem  due  to  the  law  of  'periodicity,  in  conformity  with  which 
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living  beings  in  general  appear  to  be  organised  (§  1 94)  ;  for  in  almost  all 
we  find  some  periodical  cessation  or  diminution  of  all  the  functions^ 
which,  although  modified  as  to  its  period  and  degree  by  change  in  external 
circumstances,  cannot  be  altogether  done  away  with.  One  other  spon- 
taneous Vegetable  motion  may  be  instanced,  as  of  a  very  inexpHcable 
character, — ^that  of  the  Hedysarum  gyrans,  a  Bengalese  plant.  Each 
petiole  supports  three  leaflets,  of  which  the  central  one  is  large  and  broad, 
and  the  two  lateral  ones,  which  are  situated  opposite  to  each  other, 
small  and  narrow.  The  position  of  the  central  leaflet  appears  pecuharly 
influenced  by  light :  for  in  the  day-time  it  is  usually  horizontal ;  by  the 
action  of  strong  solar  light  it  is  raised  towards  the  stalk ;  whilst  in  the 
evening  it  bends  downwards  ;  and  it  is  manifestly  depressed  if  placed  in 
the  shade  for  a  few  minutes  only.  The  small  lateral  leaves  are  in  inces- 
sant motion ;  they  describe  an  arch  forwards  towards  the  middle  leaflet, 
and  then  another  backwards  towards  the  footstalk  ;  and  this  by  revolving 
on  their  articulation  with  the  petiole.  They  pass  over  the  space  in  30  or 
40  seconds,  and  then  remain  quiet  for  nearly  a  minute ;  the  leaflets  do 
not  move  together,  but  in  opposite  directions,  one  usually  rising  while  the 
other  is  sinking ;  the  inflexion  downwards  is  generally  performed  more 
n^idly  and  uniformly  than  that  upwards,  which  occasionally  takes  place 
by  starts.  These  movements  continue  night  and  day ;  being  slower,  how- 
ever, in  cold  nights,  and  more  rapid  in  warm  and  moist  weather.  They 
seem  less  affected  by  mechanical  or  chemical  stimuli,  than  do  those  of  any 
other  plant ;  and  continue  for  a  longer  time  in  separated  parts. 

683.  One  class  of  spontaneous  Vegetable  movements  has  been  shown 
by  Dutrochet  to  be  due  to  the  action  of  Endosmose  (§  288)  in  the  organs 
which  execute  them.  This  is  particularly  the  case  in  various  seed-vessels, 
which  burst  when  ripe,  in  such  a  manner  as  to  eject  their  contents  with 
force, — as  in  the  instance  of  the  Momordica  elaterium  (common  Squirting- 
Cucumber).  His  experiments  upon  the  capsule  of  the  Balsam  termed 
Impatiens  noli-^me-tangei*e  are  particularly  interesting.  The  valves  of 
this  capsule,  when  the  fruit  is  ripe,  suddenly  spring  from  each  other  and 
curl  inwards,  scattering  the  seeds  to  some  distance.  Now  an  examination 
of  the  tissue  of  the  valves  shows,  that  the  outer  part  consists  of  much 
larger  vesicles  than  the  inner  ;  and  that  the  fluids  contained  in  it  are  the 
densest.  By  the  law  of  Endosmose,  the  fluids  contained  in  the  tissue  of 
the  interior  will  have  a  tendency  to  pass  into  the  vesicles  of  the  exterior ; 
and  it  will  distend  them  in  such  a  manner,  as  to  produce  a  disposition  in 
that  side  to  expand,  when  permitted  to  do  so,  whilst  the  inner  side  has 
an  equal  disposition  to  contract.  This  at  last  occurs  from  the  separation 
of  their  edges  consequent  upon  their  ripening ;  and  then  each  valve  rolls 
inwards.  If,  however,  the  valves  be  placed  in  a  fluid  more  dense  than 
that  contained  in  the  exterior  vesicles,  such  as  syrup  or  gum-water,  these 
will  be  emptied  on  the  same  principle,  and  the  valves  vi\lV  \ieta\rkfc  ^Vt«\.^\\,, 
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or  even  curl  outwards.  A  very  curious  movement,  which  probably  depends 
upon  a  similar  cause,  may  be  observed  in  a  httle  Fungus,  which  is  not 
uncommon  in  some  parts  of  Britain,  named  Carpobolus  from  its  peculiar 
manner  of  scattering  its  fruit.  The  sporules  are  collected  into  one  mass, 
and  inclosed  in  a  globular  bag,  which  is  called  a  sporan^um.  This  Ues  in 
a  cavity,  of  which  the  inner  wall  is  capable  of  separating  itself  from  the 
outer,  and  of  suddenly  everting  itself,  so  as  to  project  in  a  globular  form 
from  the  mouth  of  the  cavity  which  it  previously  lined.  This  sudden 
eversion  ejects  the  sporangium  (with  a  degree  of  violence  which  for  so 
minute  a  plant  is  very  remarkable)  from  the  cavity  in  which  it  was  formed ; 
the  mouth  of  this,  which  was  at  first  nearly  closed,  spontaneously  dilating 
itself  as  .the  sporules  are  mature.  The  eversion  of  the  membrane  is 
probably  due  to  a  change  having  taken  place  in  the  relative  distension  of 
the  cells  forming  its  inner  and  outer  layer,  which  would  operate  much  as 
in  the  capsule  of  the  Balsam. 

684.  For  the  rapid  and  energetic  movements  which  the  purposes  of 
Animal  existence  require,  a  special  tissue,  the  Muscular,  is  endowed  in  a 
very  high  degree  with  the  property  of  contractihty ;  and  provision  is  made 
in  the  Nervous  System  for  calling  that  property  into  exercise,  either  in 
obedience  to  the  will,  or  to  external  stimuH  acting  on  remote  parts  of  the 
organism.  It  was  formerly  shown,  that  muscular  tissue  exists  in  two  con- 
ditions ;  and  that  the  form  which  it  presents  in  those  parts  of  the  appar 
ratus  of  organic  Hfe,  in  which  it  is  introduced  for  particular  purposes 
(§  37  &  (>5),  is  much  less  characteristic  than  that  which  it  possesses  in 
the  locomotive  or  animal  organs.  In  the  former  case  it  is  excited  to 
action,  Uke  the  contractile  tissue  of  plants,  by  stimuli  immediately  applied 
to  it;  thus,  the  movements  of  the  alimentary  tube,  from  the  stomach 
downwards,  are  solely  dependent  upon  the  contact  of  its  contents  with 
the  mucous  membrane  ;  and  a  stimulus  applied  to  any  of  its  fibres,  excites 
a  continuous  action  along  their  course  for  some  distance.  There  is  no 
reason  to  believe  that  this  automatic  action  is  dependent  upon  nervous 
influence  ;  although  it  cannot  be  doubted  that  it  is  much  affected,  like  the 
nutritive  processes,  by  the  condition  of  the  corporeal  and  mental  system. 
It  is  obviously  necessary  that  this  communication  should  exist,  to  maintaui 
harmony  of  action  throughout  the  whole  machine.  The  sympathetic  nerve 
appears  to  be  its  channel ;  and  the  action  of  the  heart  is,  as  every  one 
knows,  peculiarly  liable  to  be  affected  by  variations  in  the  state  of  mind 
or  body.* 

*  It  will  be  perceived  that  the  Hallerian  doctrine  of  irritability,  as  a  via  imita  or 
independent  property  of  muscular  fibre,  is  here  unreservedly  adopted,  in  opposition  t(» 
that  which  maintains,  that  not  only  is  contraction  produced  by  the  stimulus  of  nervous 
influence,  but  that  the  property  o^  contractility  is  communicated  by  the  opemtion  of  tiu' 
nervous  system.  It  would  have  been  foreign  to  the  purpose  of  this  work  to  have  enteietl 
upon  a  full  discuHsiou  ot  tbw  vciy  \u\,c;ie«X\\\^  ^vxciitiou  :,  but  it  is  hoped  that  it  nill  aj^i'tar 
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685.  By  the  contraction  of  muscular  fibre,  in  obedience  to  the  stimulus 
of  innervation,  are  produced  the  movements  of  the  locomotive  apparatus, 
by  which  the  relation  of  the  organism  with  the  external  world  is  effected ; 
as  well  as  those  motions  in  the  system  itself,  which  are  indirectly  con- 
cerned in  the  maintenance  of  the  organic  functions,  such  as  those  of 
Respiration.  But  the  fibre,  although  subjected  to  a  new  and  special 
stimulus,  is  not  insensible  to  the  more  general  one  ;  for  a  mechanical  or 
chemical  apphcation  will  occasion  its  contraction:  but  this  change  is 
confined  to  the  fibre  stimulated,  and  is  not  propagated  by  continuity  as 
in  the  case  just  mentioned.*  All  the  movements  of  the  fabric  in  general 
appear,  in  the  higher  Animals  at  least,  to  be  strictly  under  the  control  of 
the  will ;  and  hence  the  muscles  which  execute  them  are  usually  termed 
voluntary.  Those  concerned  in  maintaining  the  organic  functions,  on  the 
other  hand,  though  capable  of  being  more  or  less  controlled  and  directed 
by  the  will,  are  not  dependent  upon  it,  and  may  take  place  in  opposition 
to  it ;  thils,  the  acts  of  Respiration  cannot  be  restrained  by  any  effort  of 
the  will,  beyond  a  certain  period  (§  733).  In  these  cases,  the  nervous 
system  appears  to  act  simply  the  part  of  a  conductor,  conveying  to  its 
central  organs  the  stimulus  which  its  sentient  extremities  have  received, 
and  transmitting  downwards  a  motor  influence  in  respondence  to  it  (§  732). 
Now  as  almost  every  muscle  in  the  body  may  be  excited  either  by  this 
direct  stimulus,  or  by  one  acting  through  the  will,  the  decision  as  to  its 
voluntary  or  involuntary  character  obviously  depends  upon  the  relative 
frequency  and  force,  with  which  these  two  modes  are  brought  into  opera- 
tion. Thus,  the  diaphragm  is  constantly  being  called  into  involuntary 
action,  and  is,  comparatively,  but  little  influenced  by  the  will ;  whilst  the 
muscles  of  the  hmbs  are  rarely  the  subjects  of  involuntary  stimulus,  and 
are  at  all  other  times  completely  under  the  control  of  vohtion. 

that  the  doctrine  here  maintained  is  consistent  with  itself,  and  with  the  analogies  drawii 
from  Vegetable  life,  as  well  as  with  what  is  known  of  the  vital  endowments  of  other 
tissues.  Moreover  it  is  supported  by  the  latest  and  best-conducted  experiments.  Thus, 
Dr.  J.  Beid  has  shown  that  the  exhausted  irritability  of  a  muscle  is  recovered  as  speedily 
when  its  nerve  is  divided,  as  when  it  is  entire,  provided  that  its  nutrition  be  not  impaired  ; 
and  Dr.  Madden  has  ascertained,  on  the  other  hand,  that  narcotics  acting  through  the 
nerves,  destroyed  their  power  of  stimulating  the  muscles,  long  before  the  irritability  of 
the  muscles  themselves  was  impaired.     See  4th  and  7th  Reports  of  British  Association. 

•  An  interesting  remark  on  this  question  occurs  in  the  writings  of  Galen,  which  shows 
the  correctness  of  his  views  on  the  subject  of  muscular  action.  He  observes  that  the 
relation  of  nervous  action  with  muscle  constitutes  that  an  animal  organ,  which,  as  far  as 
its  own  structure  and  properties  are  concerned,  is  a  physical  organ  only,  (that  is,  belongs 
to  the  apparatus  of  organic  life).  As  to  the  mechanical  adaptations  by  which  the  force 
generated  by  muscular  contraction  is  brought  into  such  varied  and  advantageous  opera- 
tion, space  forbids  anything  being  here  added  to  what  has  been  already  stated  in  the 
Introduction,  regarding  the  means  of  locomotion  possessed  by  different  classes  of  animals. 
Many  interesting  details  on  this  subject  will  be  found  in  Rogct's  Physiology,  vol.  i. 
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CHAPTER  XVI. 


FUNCTIONS   OF   THE    NERVOUS   SYSTEM. 

686.  A  general  view  of  the  structure  and  offices  of  the  Nervous  System 
in  Animals  has  already  been  given  (§  68,  69,  272)  ;  and  it  has  been  stated 
that  there  is  no  valid  reason  to  believe  that  anything  analogous  to  this  sys- 
tem exists  in  Vegetables  (§  260,  679).  The  following  chapter  will,  therefore, 
be  devoted  to  the  consideration  of  the  principal  forms  which  it  presents  in 
the  Animal  kingdom,  and  the  functions  to  which  it  ministers. 

687.  By  the  nervous  trunks  a  communication  is  maintained  between  all 
parts  of  the  fabric  to  which  they  are  distributed,  and  certaui  central  organs, 
in  which  those  changes  take  place,  that  immediately  give  rise  to  sensation,  or 
originate  motion.  These  centres  are  the  parts  termed  the  brain  and  spinal 
cord  in  Vertebrated  animals ;  but  they  consist  of  several  distinct  organs, 
which  are  found  in  a  separate  form  in  the  inferior  classes,  and  are  termed 
ganglia.  Just  as  it  is  the  function  of  the  absorbents  to  convey  to  the 
centre  of  the  circulation,  from  all  parts  of  the  surface  or  from  the  interior 
of  the  body,  the  fluid  which  they  have  absorbed,  is  it  the  property  of  cer- 
tain of  the  nervous  fibrils  to  transmit  to  the  central  sensorium  the  changes 
produced  at  their  extremities.  Until  the  mind  becomes  conscious  of  these 
impressions,  no  sensation  is  produced ;  and,  to  whatever  motor  changes 
they  may  give  rise,  as  long  as  the  mind  is  unconcerned  in  them,  their 
character  is  the  same.  We  shall  hereafter  see  (§  732)  that  there  is  a  very 
important  class  of  muscular  movements  in  the  animal  body,  the  excitement 
of  which  is  quite  independent  of  any  mental  influence.  The  nature  of  the 
sensations  produced  will  obviously  depend  upon  the  character  of  the  im- 
j)ressions  propagated  to  the  sensorium  ;  and  this  is,  no  doubt,  modified  by 
the  peculiarities  in  the  origin  of  the  different  sensory  nerves.  In  the  skin, 
it  would  aj>pear  that  the  bundles  of  fibres  which  supply  it  subdivide  and 
ramify  most  minutely,  so  as  to  form  a  very  close  and  beautiful  network,  in 
which  no  free  extremities  can  be  detected.  In  the  nervous  expansions, 
however,  which  form  the  essential  part  of  the  organs  of  special  sensation 
(§  725),  it  appears  that  the  nerve  divides  at  once  into  its  ultimate  fibres, 
and  that  these  run  side  by  side  without  interlacement,  each  terminating  in 
a  little  enlargement  or  papilla,  in  which  its  extremity  is  surrounded  by  a 
network  of  minute  blood-vessels.  It  may  be  stated,  therefore,  as  a  general 
fact,  that  the  sensory  nerves  originate  in  a  plexus  of  vessels ;  and  it  is  cer- 
tain that  some  change  in  the  state  of  the  latter  is  necessary  for  the  reception 
of  a  sensory  impression  by  the  nervous  fibre ;  since,  when  the  circulation  is 
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torpid  or  altogether  at  a  stand,  sensibility  is  deadened  in  a  corresponding 
degree.  Analogy  would  lead  to  the  belief,  that  similar  terminal  fibrils  exist 
in  the  papilla  of  the  skin  and  tongue,  which  seem  principally  composed  of 
vascular  structure  enclosing  nervous  twigs.  The  network  in  the  substance 
of  the  skin  is  not  formed  by  the  inosculation  of  the  ultimate  fibres  them- 
selves, which  seem  never  to  unite ;  but  by  the  separation  and  reunion  of 
the  larger  fibres,  which  consist  of  fasciculi  of  those  more  minute. 

688.  As  far  as  is  at  present  known,  it  seems  that  each  afferent  fibre  runs 
a  distinct  course  from  the  circumference  to  the  central  organs ;  and  that  it 
terminates  in  the  grey  matter  which  is  found  in  all  ganglia,  and  which  may, 
indeed,  be  regarded  as  essentially  constituting  them.  This  principally  con- 
sists of  vascular  structure,  with  which  the  nervous  fibres  are  brought  into 
peculiar  connection ;  but  what  is  the  precise  relation  between  them  is  not 
yet  ascertained.  From  Dr.  Foville's  late  researches  on  the  structure  of  the 
brain,  however,  it  appears  that  the  afferent  fibres  do  not  terminate  in  the 
grey  matter  by  free  extremities,  but  by  loops,  which  may  be  seen  to  return 
to  the  tract  from  which  they  diverged.  The  motor  or  efferent  fibres  ori- 
ginate in  the  same  part,  probably  by  free  extremities ;  they  run  towards . 
the  circumference,  and  convey  to  the  muscles  the  influence  originating  in 
the  centre.  These  also  seem  to  maintain  a  perfect  separation  through  their 
entire  course ;  although  their  trunks  occasionally  anastomose  and  exchange 
filaments  with  one  another.  Each  trunk,  on  reaching  the  muscle  to  which 
it  is  distributed,  sends  out  successive  branches,  which  run  across  the  course 
of  the  muscular  fibres,  and  then,  bending  inwards  so  as  to  form  loops, 
return  to  the  trunk  again.  Thus  the  afferent  and  efferent  sets  of  fibres 
have  a  strong  analogy  with  each  other,  in  regard  to  their  origin  and  termi- 
nation. Both  appear  to  arise  by  free  extremities  from  the  midst  of  a 
vascular  plexus,  which  contains  a  number  of  free  nucleated  globules  or 
isolated  cells ;  and  both  separate,  at  their  opposite  extremities,  into  loops, — 
the  ultimate  fibrils  diverging  from  one  another,  and  again  returning  into 
their  tubular  envelope. 

689.  Of  the  mode  in  which  the  sensory  impressions  are  propagated  from 
the  circumference  to  the  centre,  and  the  motor  stimulus  from  the  centre  to 
the  circumference,  physiologists  are  as  yet  entirely  ignorant.  Many  have 
supposed  that  it  is  by  a  movement  of  the  fluid  which  the  nervous  tubes 
contain, — ^an  idea  which  derives  some  support  from  the  fact,  that  the  con- 
ducting power  of  a  nerve  is  destroyed  by  tying  it,  whilst  it  is  still  capable 
of  propagating  a  current  of  electricity.  Of  the  changes  immediately  con- 
cerned in  the  production  of  impressions  and  sensations,  we  are,  if  possible, 
still  more  ignorant,  having  no  facts  whatever  on  which  even  to  build  an 
hypothesis.  It  is  an  important  step  gained,  however,  to  know  that  each 
nervous  fibre  possesses  distinct  endowments,  which  it  derives  from  the 
place  and  manner  of  its  origin  and  termination,  and  which  it  retains 
throughout  its  whole  course,  without  any  influence  froijci  lYvo^^  ^\}sy  ^R\vv^ 
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it  maj  happen  to  be  bound  up  in  the  same  tnmk.     Hiis,  indeed,  is  the 
whole  basis  of  the  modem  Physiology  of  the  Nervous  System.     An  inter- 
change of  fibres  is  by  no  means  uncommon,  between  two  trunks  possesang 
different  functions,  where  it  is  desrable  to  endow  either  with  any  part  of 
the  capabilities  of  the  other ;  thus  the  seventh  pair  of  cranial  neires  in 
man,  which  is  itself  exclusively  motor,  receives  filaments  from  the  sensoiy 
division  of  the  fifth  pair,  of  which  all  its  branches  subsequently  given  off 
probably  contain  a  small  share.    Not  unfi-equently  an  interchange  of  fibres 
occurs  among  nervous  trunks  of  similar  endowments,  forming  what  is  called 
a  plexus  ;  the  object  of  this  appears  to  be  in  part  to  blend  ti^ther  their 
actions,  and  in  part  to  prevent  an  injury  of  one  set  of  roots  from  entirely 
paralysing  the  part  to  which  its  fibres  are  distributed.    Thus,  the  nerves  of 
the  arm  in  Man  arise  from  the  spinal  cord  by  ^y^  trunks  on  each  side ; 
some  of  these  trunks  send  off  branches  to  the  shoulder  and  chest ;  and 
they  then  unite  into  a  plexus  or  network,  from  which  six  trunks  proceed  to 
supply  different  parts  of  the  muscles  and  cutaneous  surface  of  the  arm. 
Now,  owing  to  the  interlacement  of  the  fibres  of  the  five  original  trunks, 
an  injury  of  any  one  of  them  would  not  destroy  the  powers  of  any  one  of 
the  nerves  of  the  arm,  but  would  impair  in  a  slight  degree  the  power  of  all, 
so  that  the  balance  of  their  actions  will  be  still  maintained.    It  is  probable, 
too,  that  this  arrangement  promotes  the  harmony  or  consentaneousness, 
which  should  exist  in  the  actions  of  a  part  having  a  great  variety  of  moTe- 
ments,  that  require  a  corresponding  variety  in  the  combinations  of  the 
different  muscular  forces.    Similar  arrangements,  obviously  destined  to  this 
end,  will  be  hereafter  pointed  out  in  the  nerv  ous  system  of  the  Cuttle-Fish 
and  of  many  Insects  (§  701  n  and  710  w). 

G90.  What  has  been  hitherto  said  refers  to  the  division  of  the  nervous 
system  concerned  in  the  reception  of  impressions,  the  production  of  sensa- 
tions, and  the  stimulation  of  muscles  to  contraction ;  and  as  these  are  ail 
purely  animal  functions,  it  has  been  called  the  nervous  system  of  animal  life. 
There  is  another  set  of  nerves,  however,  which  constitute  what  is  termed 
the  symi)athetic  or  visceral  system ;  this  is  distributed  to  the  various  nutri- 
tive organs,  and  is  evidently  connected  with  the  functions  of  organic  life, 
although,  on  the  exact  degree  to  which  it  participates  in  them,  physio- 
h)gists  arc  not  yet  agreed.  Reason  will  hereafter  be  given  for  the  belief, 
that  it  is  not  concerned  in  the  sympathetic  movements  of  the  voluntary 
umscles,  as  was  formerly  supposed ;  but  there  can  be  httle  doubt  that  it  is 
the  vehicle  of  the  sympathetic  communication  between  the  organs  of  nutri- 
tion, secretion,  &c.,  and  of  the  involuntary  action  of  the  mind  upon  them. 
This  is  sometimes  called  the  nervous  system  of  organic  life ;  but  we  must 
not  be  misled  by  this  expression  into  the  belief  that  the  organic  functious 
are  dependent  uj)ou  its  action  (§  2G4).  The  sympathetic  system,  however, 
is  a  very  compound  apparatus  ;  containing  ganglia  and  nervous  fibres  of  its 
owjj  (J  fin),  closely  united  \sitl\  fibres  derived  from  the  nervous  system  ol 
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animal  life.  The  respective  distribution  of  these  is  still  very  obscure ; 
but  their  conjoint  trunks  accompany  the  blood-vessels  to  all  parts  of 
the  body. 

691.  In  the  beings  composing  the  lowest  groups  of  the  Animal  Ejing- 
dom,  no  definite  traces  of  a  Nervous  System  can  be  discovered ;  and  it  is 
generally  beheved  that,  in  these  animals,  the  nervous  matter  is  present  in 
a  "  di£Pused  form" — ^that  is  to  say,  incorporated  with  the  tissues ;  but  it 
would  be  difficult  to  assign  a  valid  reason  for  such  a  gratuitous  supposition. 
An  arrangement  of  this  kind  cannot  be  required  to  confer  on  the  individual 
parts  of  the  organism  their  vital  properties ;  since  these  exist,  to  as  great 
an  extent,  in  beings  which  are  allowed  to  be  entirely  destitute  of  it,  namely 
the  entire  Vegetable  kingdom.  The  simplest  office  of  a  nervous  system  is, 
as  we  have  seen  (§  684),  to  estabhsh  a  communication  between  parts  spe- 
cially modified  to  receive  impressions,  and  others  particularly  adapted  to 
respond  to  them.  Where  every  portion  of  the  body  has  similar  endow- 
ments, there  can  be  no  object  in  such  a  communication ;  just  as,  where 
every  part  of  the  surface  is  equally  capable  of  absorption,  and  every  part  of 
the  tissue  equally  permeated  by  nutrient  fluid,  there  is  no  necessity  for  a 
circulating  system.  The  motions  exhibited  by  Animals  of  these  lowest 
classes,  would  seem  to  be  scarcely  less  directly  dependent  upon  external 
stimuli  than  those  of  Plants ;  being,  in  fact,  the  result  of  the  general  dif- 
fosion  of  that  exalted  degree  of  irritabiUty,  which  is  restricted  in  most 
plants  to  particular  parts  of  the  structure.  Thus,  the  contractile  tentacula 
of  the  Hydra  close  upon  any  object  placed  within  their  reach ;  but  so  does 
the  fly-trap  of  the  Dioncea  ;  and  it  is  not  difficult  to  imagine  that  a  similar 
mechanism  may  operate  in  both  cases.  At  any  rate  there  is  no  necessity 
foor  attributing  such  phenomena  to  a  nervous  system,  when  we  can  neither 
discover  any  traces  of  it,  nor  discern  anything  in  them  which  cannot  be 
accounted  for  in  other  ways.  It  may  reasonably  be  asked,  then,  upon 
what  ground  this  Polype  or  any  similar  creature  is  regarded  as  belonging 
to  the  Animal  kingdom ;  and  it  is  not  easy  to  give  a  definite  reply  to  such 
a  question.  Although,  however,  the  greater  part  of  the  motions,  not  only 
of  the  individual  members,  but  of  the  whole  body,  seem  to  be  performed  in 
obedience  to  such  stimuU  as  govern  the  actions  of  Plants,  observation  of 
the  Uving  Polype  will  show  that  all  its  motions  are  not  of  this  character, 
but  that  some  are  probably  to  be  reckoned  as  voluntary,  and  as  indicating 
that  consciousness  on  the  part  of  the  individual,  which  must,  in  the  present 
state  of  our  knowledge,  be  regarded  as  a  pecuhar  characteristic  of  Animal 
existence.  Moreover,  in  larger  animals  of  the  same  gi'oup,  the  existence 
of  a  connected  nervous  system  has  been  distinctly  shown;  and  we  may 
safely  infer  the  same  from  analogy,  in  reference  to  Animals  whose  actions 
are  similar,  though  the  minuteness  of  their  structure  prevents  us  from 
discovering  it. 

692.  We  have  at  present  no  certain  means,  it  must  b^i  «kick\va>N\^<iL'^^,  ^'^ 


524  SPECIAL   AND   COMPARATIVE    PHYSIOLOGY. 

appreciating  the  degree  of  sensibility  possessed  by  the  lowest  members 
of  the  Animal  kingdom.  The  motions  which  follow  the  impressions  of 
external  agents,  are  our  only  means  of  judging  of  its  possession  by  a  parti- 
cular being ;  and  the  analogies  which  have  just  been  mentioned  seem  to 
indicate  that,  if  these  motions  are  accompanied  by  sensation,  they  are  not 
dependent  upon  it.  Much  error  has  probably  arisen,  from  comparing  the 
manifestations  of  life  exhibited  by  creatures  of  this  doubtful  character,  with 
those  of  the  highest  Animals ;  and  thence  inferring  that,  because  motions 
are  witnessed  in  the  former  which  bear  some  analogy  to  those  of  the  latter, 
they  must  be  equally  dependent  on  a  nervous  system.  But,  when  it  is 
considered  how  completely  vegetative  is  the  life  of  such  beings,  and  how 
closely  all  their  motions  are  connected  with  the  performance  of  their  organic 
functions,  it  would  seem  obvious  that  the  general  comparison  should  be 
made  with  Plants  rather  than  with  Animals ;  and  that  we  should  seek  the 
assistance  of  principles  of  a  higher  character,  only  when  those  we  already 
possess  are  insufficient  to  explain  the  phenomena.  A  nervous  system  would 
seem  to  be  required  only  in  a  being  possessed  of  a  number  of  distinct 
organs,  whose  actions  are  of  such  a  character  that  they  cannot  be  brought 
into  mutual  relation,  without  a  more  immediate  and  direct  commimication 
than  that  afforded  by  the  circulating  system,  which,  as  we  have  seen,  is 
the  only  bond  of  union  between  distant  parts  that  Plants  possess.  In  the 
lowest  and  simplest  Animals,  whatever  degree  of  contractihty  exists,  appears 
to  be  almost  equally  diffused  through  the  system ;  and  we  neither  find  any 
special  sensory  organs,  adapting  one  part  more  than  another  to  the  recep- 
tion of  impressions,  nor  do  we  observe  any  portion  of  the  structure  pecu- 
liarly endowed  with  the  power  of  motion ;  neither  can  we  discover  anything 
like  a  nervous  system  fitted  to  receive  such  impressions,  and  to  excite 
respondence  to  them  in  distant  parts.  To  use  the  forcible  expression  of 
Sir  Gilbert  Blane — "  Mr.  Hunter,  by  a  happy  turn  of  expression,  calls  the 
function  of  the  nervous  system  internundaL  It  is  evident  that  some  such 
principle  must  exist  in  the  complicated  system  of  the  superior  Animals, 
in  order  to  establish  that  connection  which  constitutes  each  individual  a 
WHOLE."  But  where  all  the  parts  act  for  themselves,  there  is,  as  we  have 
seen,  no  necessity  for  such  an  intemuncial  communication ;  and  conse- 
quently, although  when  united  their  functions  all  tend  towards  the  mainte- 
nance of  the  system  to  which  they  belong,  they  are  capable  of  being 
separated  from  it  and  from  each  other  without  these  functions  being  neces- 
sarily abolished.  It  is  thus  that  we  may  account  for  the  divisibility  of 
many  of  the  Animals  belonging  to  the  group  under  consideration,  which 
shows,  in  a  remarkable  degree,  an  affinity  to  the  Vegetable  kingdom.* 

*  An  argument  has  been  erected  upon  the  fact  of  the  divisibility  of  many  of  the  lower 
animals — such  as  the  Hydra  and  the  Planaria  (§  586),— in  favour  of  the  opinion,  that 
!iot  only  the  nervous  system,  but  the  sensorium,  is  "  diffused  "  throughout  their  bodies. 
This  supposition,  however,  appeals  to  the  A.uthor  to  be  by  no  means  consistent  in  itself, 
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693.  The  PhytozoUy  however,  present  links  of  transition  to  higher 
groups  ;  and  the  gradation  of  structure  is  manifested  no  less  in  the  nervous 
system,  than  in  other  organs.  Thus,  in  the  Actinia  (§  151),  a  delicate 
nervous  filament  may  he  traced,  surrounding  the  mouth,  and  sending  fihrils 
to  the  radiating  tentacula,  with  slight  ganglionic  enlargements  at  their 
points  of  divergence ;  and  thus  is  obviously  sketched  out  the  form,  in  which 
this  system  appears  in  other  Radiated  classes.  The  extreme  minuteness  of 
most  of  the  Ciliobrachiata  has  hitherto  prevented  the  detection  of  a  nervous 
system  in  their  delicate  bodies ;  but,  from  the  number  and  variety  of  the 
movements  they  exhibit,  as  well  as  from  their  affinity  to  the  Rotifera,  in 
which  ganglia  and  nerves  can  be  distinctly  seen,  it  is  scarcely  to  be  doubted 
that  these  Polypes  possess  them.  In  the  polygastrica  no  connected 
nervous  fibres  have  been  certainly  traced ;  but  red  spots  may  be  frequently 
observed,  which,  from  their  resemblance  to  the  eyes  of  animals  a  little 
higher  in  the  scale,  are  supposed  to  be  visual  organs.  This  is,  however, 
but  a  conjecture ;  since,  although  many  of  the  motions  of  these  animals  are 
obviously  influenced  by  light,  it  is  impossible  to  say  that  this  agent  does 
not  act  upon  them  in  the  same  manner  as  upon  Plants. 

694.  Among  the  higher  Radiata  we  find  these  rudiments  gradually 
assuming  a  more  distinct  and  complex  form.  It  is  probable  that  a  con- 
nected nervous  system  exists  in  all  the  acaleph^,  although  the  softness 
of  their  tissues  renders  it  difficult  of  detection.  According  to  Ehrenberg, 
two  nervous  circles  may  be  detected  in  the  Medusa  ; — one  running  along 
the  margin  of  the  mantle,  and  frunished  with  eight  ganglia,  from  which 
filaments  proceed  to  the  eight  red  spots  which  he  supposes  to  be  eyes,- — 
whilst  the  other  is  disposed  around  the  entrance  to  the  stomach,  and  is  frir- 
nished  with  four  gangha,  from  which  filaments  proceed  to  the  tentacula. 
In  the  Beroe,  it  is  stated  by  Dr.  Grant  that  a  nervous  ring  exists  round  the 
mouth,  frimished  with  eight  gangha,  from  each  of  which  a  filament  passes 
towards  the  other  extremity  of  the  body,  while  others  are  sent  to  the  lips 
and  tentacula.  It  must  be  acknowledged,  however,  that  it  is  very  difficult 
to  arrive  at  certain  conclusions  as  to  the  characters  of  such  organs,  in 
animals  whose  texture  is  so  delicate ;  and  so  many  mistakes  have  been 
committed,  that  it  would  seem  better  to  wait  the  results  of  more  extended 

or  required  by  the  phenomena  in  question.  That  the  separate  pieces  of  any  animal  are 
capable  of  reproducing  the  whole,  proves  nothing  more  than  that  each  has  the  power  of 
re-developing  the  entire  structure,  with  all  its  tissues  and  organs  ;  and  there  is  not  more 
reason  to  suppose  that  such  a  fragment,  at  the  time  of  its  separation,  contains  a  senso- 
rium,  than  that  it  contains  a  stomach,  or  any  other  single  organ.  Like  the  single  cell, 
from  which  the  being  is  produced  in  the  first  instance,  it  possesses  the  capability  of  deve- 
loping a  structure,  which  shall  in  time  contain  ganglia  and  nerves,  and  which  shall  then 
be  the  instrument  of  sensation  and  volition ;  and  this  idea  is  more  consonant  with  the 
general  phenomena  of  reproduction,  than  that  which  supposes  that,  by  a  single  act  of 
mechanical  division,  we  can  at  once  divide  the  consciousness  of  a  single  Hydra  among 
the  twOf  three,  twenty,  or  forty  parts,  that  may  become  so  many  eep&iatA  P^Vy^^. 
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enquiry,  before  the  exact  characters  of  the  nervous  system  in  this  class  shall 
be  decided  on.  In  the  echinodermata,  however,  its  manifestations  are 
much  less  equivocal.  In  the  Asterias,  for  instance,  we  find  a  ring  of 
nervous  matter  siurounding  the  mouth  (Fig.  1 78),  and  sending  three  fila- 
ments to  each  of  the  arms ;  of  these  one  seems  to  traverse  its  length,  and 
the  two  others  to  be  distributed  on  the  coecal  prolongations  of  the  stomach. 
In  the  species  examined  and  figured  by  Tiedemann,  no  ganglionic  enlarge- 
ments of  this  ring  seem  to  exist ;  but  they  are  usually  evident  at  the  points 
where  the  branches  diverge.  In  the  Echinus,  the  arrangement  of  the 
nervous  system  follows  the  same  general  plan ;  the  filaments  which  diverge 
from  the  oral  ring  being  distributed  (in  the  absence  of  arms)  to  the  com- 
plicated dental  apparatus,  whilst  others  pass  along  the  course  of  the  vessels 
to  the  digestive  organs.  This  apparatus  seems,  therefore,  to  unite  in  itself 
the  characters  of  the  two  nervous  systems  which  are  distinct  in  higher 
Animals ;  one  being  subservient  to  the  fimctions  of  animal  life,  and  the 
other  being  connected  with  the  maintenance  of  the  several  vital  actions. 
The  transition  between  the  Radiata  and  Articulata,  presented  by  the  Holo- 
thuria  and  Siponculus,  is  pecuUarly  well  marked  in  the  nervous  system  of 
these  animals ;  for  the  ring  which  encircles  the  mouth  is  here  comparatively 
small,  but  two  filaments  traverse  the  length  of  their  prolonged  bodies,  run- 
ning near  the  abdominal  surface,  which  is  their  situation  in  the  Articulated 
classes. 

695.  It  is  peculiarly  interesting  to  compare  the  character  of  the  nervous 
system  of  the  Radiated  classes,  with  that  of  higher  Animals  of  more  hetero- 
geneous structure.  We  here  find  the  body  consisting  of  a  number  of  parts, 
of  which  each  is  similar  to  the  rest ;  and  each  is  connected  with  a  distinct 
ganglion,  that  seems  subservient  to  the  functions  of  its  own  division  alone, 
and  to  have  little  communication  with  the  rest.  This  is  the  case,  indeed, 
not  merely  with  the  tribes  we  are  now  considering,  but  with  the  lower 
Vermiform  species ;  the  only  difierence  being,  that  the  individual  portions 
arc  here  disj)oscd  in  a  radiate  manner  round  a  common  centre,  whilst  in  the 
latter  they  are  longitudinally  arranged.  But  when  the  different  organs  are 
so  far  specialised  as  to  be  confined  to  distinct  portions  of  the  system,  and 
each  part  consequently  becomes  possessed  of  a  difi^erent  structure,  and  is 
ap])ro])riated  to  a  separate  function,  this  repetition  of  parts  in  the  nervous 
system  no  longer  exists  ;  its  individual  portions  assume  special  and  distinct 
offices  ;  and  they  are  brought  into  much  closer  relation  to  one  another,  by 
means  of  the  commissures  or  connecting  fibres,  which  form  a  large  part  of 
the  nervous  masses  in  the  higher  Animals.  It  is  evident  that,  between  the 
most  simple  and  the  most  complex  forms  of  this  system,  there  must  be  a 
number  of  intermediate  gradations, — each  of  them  having  a  relation  with 
the  general  form  of  the  body,  its  structure  and  economy,  and  the  specialisa- 
tion of  its  distinct  functions.  This  will  be  found,  on  careful  examination, 
to  he  strictly  the  case  •,  and  yet,  with  a  diversity  of  its  parts,  as  great  as 
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exists  in  the  conformation  of  any  other  organs,  its  essential  character  will 
appear  to  he  the  same  throughout. 

696.  Among  the  Molluscous  classes,  no  repetition  of  parts  like  that 
jost  described  can  be  said  to  exist ;  and  the  nervous  system  partakes  of  the 
general  want  of  symmetry  in  the  body,  which  seems  so  characteristic  of 
the  predominance  of  the  vegetative  organs  in  these  animals  (§  172).  Its 
gan^onic  centres  are  principally  disposed  near  the  mouth,  since  its  actions 
appear  destined  to  Httle  else  than  the  supply  of  the  digestive  organs ;  and 
their  size  is  usually  proportional  to  the  development  of  the  organs  of 
special  sensation  which  are  connected  with  them,  and  to  the  energy  of  the 
masticatory  movements  required  for  the  reduction  of  the  food.  Where, 
however,  unusually  active  powers  of  locomotion  are  possessed,  we  com- 
monly find  ganglia  situated  in  the  neighbourhood  of  the  organs  destined  to 
serve  this  purpose ;  but  the  most  constant  of  all  the  ganglia  in  the  Mol- 
hisca  is  that  which  is  specially  connected  with  the  gills,  and  is  hence 
termed  the  branchial  gangUon.  This,  indeed,  is  the  only  one  which  dis- 
tinctly presents  itself  in  the  lowest  animals  of  this  type,  those,  namely,  of 
the  class  Tunicata.  In  the  Cynthia^  for  example,  we  find  a  single  small 
ganglion  (Fig.  83,  f^  situated  between  the  two  openings  of  the  mantle ; 
from  this  branches  are  sent  to  the  anal  orifice,  b ;  but  the  two  principal 
tnmks  encircle  the  oral  aperature,  a,  giving  ofif  filaments  to  its  sensitive 
tentacnla,  and  meeting  again  beyond  it,  so  as  to  form  a  single  broad  cord, 
g^  which  runs  along  the  back  of  the  mantle.  No  beings  possessed  of  a 
complex  internal  structure,  a  distinct  stomach  and  alimentary  tube,  a  pul- 
sating heart  and  ramifying  vascular  apparatus,  with  branchial  appendages 
for  aerating  the  blood,  and  highly-developed  secretory  and  reproductive 
organs,  can  be  imagined  to  spend  the  period  of  their  existence  in  a  mode 
more  completely  vegetative  than  these.  The  continuous  and  equable  cur- 
rent of  water  which  enters  the  cavity  of  the  mantle,  and  which  serves  at 
the  same  time  to  convey  food  to  the  stomach  and  to  aerate  the  blood,  is 
maintained,  without  any  nervous  agency,  by  the  vibrations  of  the  cilia  with 
which  the  walls  of  the  cavity  are  clothed ;  and  it  is  only  when  substances 
come  in  contact  with  the  sensitive  tentacnla,  which  ought  not  to  enter  the 
orifice,  or  when  they  have  been  introduced  and  are  to  be  expelled,  or  when 
any  external  irritation  is  appHed, — that  we  see  anything  like  a  definite 
muscular  movement,  indicating  the  agency  of  a  nervous  system.  The 
ganghon  appears  to  control  the  circular  sphincters  which  surround  the 
orifices  of  the  mantle,  as  well  as  the  muscular  fibres  which  are  spread  in  a 
network  over  the  whole  sac ;  by  the  contraction  of  the  former,  the  ingress 
of  improper  substances  is  prevented ;  and  by  that  of  the  latter,  the  fluid 
contained  in  the  cavity  is  violently  ejected,  as  occurs  when  the  animal  is 
alarmed  by  any  external  contact,  or  is  excited  to  the  same  action  by  any 
internal  irritation.  This  ganghon,  then,  must  be  regarded  as  chiefly  bran- 
chial;  but  as  the  centre,  also,  of  the  consciousness  and  wilU  whick  \£l\s&1  V^^ 
possessed,  however  feebly,  by  this  animal. 
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697.  In  the  conchifera,  there  is  a  greater  separation  of  the  nervous 
centres,  in  accordance  with  the  higher  development  of  the  general  organisa- 
tion ;  but  the  branchial  ganglion  is  still  the  principal  one,  and  this  is  found 
near  the  posterior  extremity  of  the  body.     At  the  sides  of  the  oesophagus, 
however,  there  are  seen  two  small  ganglia,  united  by  a  band  which  arches 
over  it,  and  usually,  also,  by  another  pair  of  filaments  which  meet  beneath 
it ;  in  the  higher  Conchifera  (such  as  the  Mactrd)  the  two  ganglia  nearly 
coalesce  into  a  single  mass  above  the  oesophagus,  and  are  then  seen  to  be 
the  evident  analogues  of  the  cephalic  gangUa  of  the  Articulata  and  Verte  • 
brata.     The   cephalic  ganglia  are   always  connected  with  the   branchifd 
ganglion  by  a  double  cord ;  but  this  does  not  so  much  enter  the  ganglion 
itself,  as  distribute  itself  into  branches,  which  pass  off  with  those  proceed- 
ing from  the  latter ;    so  that  these  branches  probably  consist  of  a  set 
of  afferent  and  efferent  fibres  connected  with  the  branchial  ganglion,  and 
of  another  set  passing  on  to  the  cephalic.     Precisely  the  same  is  the  case 
regarding  the  thu-d  principal  nervous  centre,  which  is  found  in  some  Con- 
chifera,— the  pedal  gangUou.     This  always  lies  at  the  base  of  the  foot, 
where  this  organ  is  developed,  and  seems  pecuUarly  connected  with  its 
actions ;  but  where  the  foot  is  absent,  as  in  the  Oyster  tribe,  it  does  not 
exist.     The  pedal  ganglion  has  always  an  immediate  connection  with  the 
cephalic ;  and  in  general,  this  connection  is  quite  distinct  from  that  of  the 
branchial  gangUon,  so  that  the  pedal  and  branchial  gangUa  have  not  even 
an  apparent  connection  with  each  other.    Thus  in  Fig.  1 1 7  is  sketched  the 
central  portion  of  the  nervous  system  of  the  Pecten  ;  at  the  upper  part  are 
seen  the  two  small  cephalic  ganglia,  connected  by  a  trunk  that  arches 
over  the  oesophagus  (the  place  of  which  is  marked  by  the  curved  lines) ; 
below  these  is  the  pedal  ganglion,  connected  with  each  of  them  by  a  short 
trunk,  and  sending  its  branches  to  the  foot.     From  the  cephahc  ganglia 
proceed  filaments  to  the  sensory  tentacula,  and  also  two  principal  trunks 
that  enter  the  large  posterior  bilobed  ganglion,  from  which  branches  pro- 
ceed to  all  parts  of  the  respiratory  apparatus,  and  to  the  adductor  muscle. 
In  Fig.  180  is  shown  the  nervous  system  of  the  common  Mussel ;  here 
also  we  find  two  ganglia  lying  in  proximity  with  the  oesophagus,  from 
which  proceed  filaments  that  meet  in  a  small  ganglion  above  it,  and  a 
similar  small  ganglion  may  occasionally  be  found  below.    Nervous  columns 
are  sent  from  each  of  the  lateral  cephalic  ganglia  along  the  body ;  and 
these  approximate  in  the  situation  of  the  foot,  where  they  enter  another 
pair  of  ganglia  connected  by  a  transverse  filament,  which  are  analogous  to 
the  single  pedal  ganglion  of  other  Conchifera.    The  columns  continue  their 
separate  course  backwards,  and  again  approximate  in  the  neighbourhood  of 
the  adductor  muscle,  where  they  enter  the  bilobed  branchial  ganglion,  with 
whose  branches  they  are  distributed  to  the  posterior  parts  of  the  body. 
Although  the  pedal  and  branchial  ganglia  are  thus  situated  on  the  same 
nervous  column,  there  is  no  essential  connection  between  them ;  since  the 
i5  fares,  which  connect  the  lattei  m\\i  \\vfc  e.e^^\^  ^^^^^3^.^  ^^^ss  over,  not 
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thrcughy  the  former,  which  has  its  own  hand  of  union  as  structurally  distinct 
as  in  the  Pecten.  The  small  ganglia,  situated  on  the  median  Une  above 
and  below  the  oesophagus,  are  exclusively  connected  with  the  operations  of 
mastication  and  deglutition,  and  belong  to  a  system  to  which  the  name 
of  stomato-gastric  may  be  given.  In  the  Unio,  whose  nervous  centres  are 
represented  in  Fig.  179,  there  is  a  greater  degree  of  symmetry  than  in  most 
other  species ;  the  two  anterior  or  cephalic  ganglia  are  here  connected  with 
the  posterior  by  a  double  trunk  on  each  side,  and  the  nerves  proceeding 
from  the  latter  are  of  great  size.  No  separate  pedal  ganglion  has  been 
found  at  the  base  of  the  foot,  which  is  not  large,  and  which  appears  to 
receive  its  nerves  directly  from  the  cephalic  gangha. 

698.  A  good  deal  of  variety  exists  in  this  class  in  regard  to  the  actions 
to  which  the  nervous  system  is  subservient.  Many  of  those  which  have  no 
foot  (such  as  the  Oyster)  are  attached  for  hfe  to  the  place  where  they 
originally  fix  themselves ;  and  no  evident  motion  is  exhibited  by  these,  save 
the  opening  and  closure  of  the  shell,  which  corresponds  with  the  dilatation 
and  contraction  of  the  sac  of  the  mantle  in  the  Tunicata.  This  is  princi- 
pally accomphshed  by  the  posterior  ganghon,  which  supplies  the  adductor 
muscle.  Other  species,  being  unattached,  are  enabled  to  swim  by  the 
flapping  of  the  valves  in  the  water.  Among  those  which  have  a  foot,  this 
oi^an  is  employed  for  many  difPerent  purposes, — ^burrowing,  leaping,  &c. ; 
which  are  generally  executed  in  such  a  manner  as  to  imply  consciousness 
of  the  most  advantageous  direction  for  its  movements,  and  therefore  in 
some  degree  the  operation  of  a  guiding  toill,  acting  upon  information  de- 
rived through  the  organs  of  special  sensation  which  they  possess  (§  139). 
For  reasons  which  will  be  given  hereafter,  it  appears  probable  that,  whilst 
the  general  movements  of  the  foot  are  directed  by  the  cephahc  ganglia,  the 
particular  actions  by  which  it  fixes  itself  on  a  given  surface,  and  adapts  its 
disk  to  the  inequaUties  which  it  encounters,  may  be  produced  simply  by 
impressions  conveyed  to  this  ganghon  through  its  afferent  nerves,  and 
reflected  through  its  motor  fibres,  in  which  sensations  are  not  necessarily 
concerned.  The  same  may  be  inferred  respecting  the  actions  of  the 
branchial  ganglion,  which  is  the  only  one  that  distinctly  presents  itself  in 
the  Tunicata,  and  is  always  the  largest  of  the  nervous  centres  in  the  Con- 
chifera.  The  whole  course  of  the  hves  of  these  animals  shows  them  to  be 
so  little  elevated  in  the  scale  of  psychical  endowment,  that  we  can  scarcely 
regard  the  motions  executed  by  them  as  often  possessing  a  voluntary  cha- 
racter. The  greater  part  of  them  are  concerned  in  protecting  the  animal 
from  danger,  and  in  the  prehension  of  its  food ;  and  may  be  compared  in 
the  higher  animals  to  the  closing  of  the  glottis  against  irritating  matters, 
and  to  the  contraction  of  the  pharynx  in  swallowing. 

699.  As  the  head  is  not  otherwise  indicated,  in  the  two  preceding 
classes  of  Mollusca,  than  by  the  position  of  the  mouth,  and  rarely  pos- 
sesses any  organs  of  special  sensation,  it  is  not  to  be  vjoivdet^A.  «\,  \}waX. 
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the  ganglia  connected  with  the  oesophagus  should  not  he  larger  than  those 
of  other  parts  of  the  hody,  and  should  be  even  inferior  in  size  to  those 
more  connected  with  powerful  and  active  muscles.  But  in  the  higher 
classes  it  is  very  different ;  and  in  proportion  as  we  meet  with  evidence 
of  the  possession  of  the  senses  of  sight,  hearing,  &c.,  do  we  observe  a 
greater  concentration  of  the  ganghonic  system  towards  the  neighbourhood 
of  their  organs.  Although  eyes  have  been  asserted  to  exist  among  some 
of  the  more  active  Conchifera,  they  are  not  confined  to  any  single  part  of 
the  body,  but  are  disposed  along  the  free  margins  of  the  mantle, — an 
interesting  intermediate  condition  between  the  diffused  sensibility  to  light, 
which  is  probably  possessed  by  the  whole  of  the  surface  in  the  inferior 
tribes,  and  the  concentration  of  the  sense  into  one  portion  of  it  observed  in 
other  cases.  Among  the  gasteropoda,  two  eyes  only  exist,  and  these 
are  placed  on  the  anterior  part  of  the  body,  in  the  neighbourhood  of  the 
mouth.  In  the  lower  species  of  this  class,  however,  the  general  distribu- 
tion of  the  nervous  system  is  not  very  dissimilar  to  that  which  has  been 
last  described.  Thus,  in  the  Carinaria  (Fig.  181)  we  observe  lobed  gan- 
gha,  connected  by  a  transverse  band,  lying  at  the  sides  of  the  oesophagus ; 
and  these  send  off  the  optic  nerves  and  tentacular  filaments.  Besides 
other  branches  transmitted  to  the  neighbouring  organs,  two  principal  trunks 
are  sent  backwards  (as  in  the  Mussel),  which  unite  in  a  large  ganglion 
situated  among  the  viscera ;  from  this,  nerves  proceed  to  the  foot,  respi- 
ratory organs,  and  posterior  part  of  the  trunk ;  so  that  it  may  be  regarded 
as  combining  the  functions  of  the  pedal  and  branchial  ganglia, — as  is  fur- 
ther indicated  by  its  quadrilobate  form.  In  the  Bullcea  (Fig.  182) 
however,  we  find  the  oesophageal  ganglia  much  larger  in  proportion  to 
the  abdominal  ;  and  the  nervous  ring  which  connects  them  is  much 
thicker  than  in  other  cases.  Another  small  ganglion  is  situated  anteriorly 
to  this  ring,  and  two  others  below  it ;  these  belong  to  the  stomato-gastric 
system.  The  ganglia  lying  at  the  side  of  the  oesophagus  are  trilobed,  so 
that  they  may  be  really  regarded  as  forming  three  pairs.  Of  these,  the 
most  anterior  are  the  true  cephalic  ;  its  filaments  being  distributed  to  the 
tentacula,  eyes,  &c.  The  next  are  connected  with  the  general  surface  of 
the  mantle,  and  are  hence  called  the  palleal ;  whilst  the  posterior  of  the 
three  are  the  pedal.  The  respiratory  organs  are  supplied  from  branchial 
ganglia  which  still  remain  at  the  posterior  extremity  of  the  body,  and 
which  are  connected  with  the  cephalic  ganglia  by  cords  that  pass  through 
the  palleal.  In  some  other  species  of  this  class,  the  nervous  system  attains 
a  still  higher  grade  of  development  and  concentration  ;  the  greater  part  of 
its  ganglionic  centres  being  placed  above  the  oesophagus  ;  and  the  respi- 
ratory organs,  as  well  as  the  rest  of  the  body,  deriving  their  nerves  from 
a  single  mass,  instead  of  from  separate  ganglia.  This  is  the  case,  for 
example,  in  the  Slug. 

700,    The  variety  of  actions  performed  by  the  higher  Gasteropoda  is 
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much  greater  than  that  exhibited  by  the  Conchifera,  and  is  accompanied, 
as  we  have  seen,  by  a  greater  subdivision  of  the  nervous  centres.  None  of 
the  Gasteropoda  remain  fixed  during  their  whole  Uves,  and  many  enjoy 
considerable  powers  of  locomotion,  which  sometimes  depend  entirely  on 
the  foot,  and  are  sometimes  given  in  part  by  the  muscular  power  of  the 
mantle  enveloping  the  whole  surface.  It  is  usually  when  this  is  the  case, 
that  we  find  a  separate  palleal  gangUon  to  regulate  the  actions  of  the 
mantle ;  and  this  is  generally  connected  with  both  the  pedal  and  branchial 
ganglia,  as  if  its  functions  were  to  be  harmonised  with  theirs.  In  the 
Aplysia  we  find  the  cephaHc  gangha  uniting  into  a  single  centre  placed 
above  the  oesophagus ;  and  this  is  connected  by  three  cords  on  each 
side  with  a  pair  of  ganglia  beneath.  These  ganglia  are  known,  by  the 
distribution  of  their  nerves,  to  combine  the  functions  of  pedal  and  palleal 
ganglia,  whence  we  can  account  for  their  double  connection  with  the 
cephalic ;  and  the  third  cord  passes  through  them  to  the  branchial  gan- 
glion, which  is  single  and  lies  at  the  posterior  part  of  the  body.  The 
diversity  in  the  arrangement  of  the  several  organs  of  Gasteropoda  is 
extremely  great,  and  is  accompanied  by  as  considerable  a  variation  in  the 
disposition  of  the  nervous  centres  ;  these  are  widely  separated  in  one  case, 
and  blended  together  in  another,  just  as  it  would  appear  convenient, — ^the 
general  principle  being,  that  they  are  all  connected  by  separate  trunks 
with  the  cephaHc  ganglia,  and  are  no  more  united  with  each  other  than 
is  required  for  the  harmony  of  their  functions. 

701.  The  nervous  system  of  the  cephalopoda  exhibits  an  obvious 
approach  towards  that  of  Vertebrated  animals,  in  the  concentration  of  the 
cephalic  ganglia  into  one  mass,  which,  though  still  perforated  by  the  oeso- 
phagus, Ues  almost  entirely  above  it,  and  is  sometimes  protected  by  plates 
of  cartilage  that  constitute  the  rudiment  of  a  neuro-skeleton  (§  132).  In 
the  Nautilus,  however,  and  other  species  composing  the  inferior  order  of 
this  class,  the  general  distribution  of  this  system  corresponds  pretty 
closely  with  that  seen  in  the  higher  Gasteropoda.  The  oesophagus  is 
still  encircled  with  a  gangUonic  ring  (Fig.  183),  of  which  the  upper  part 
gives  off  the  optic  nerves,  whilst  the  lower  supphes  the  mouth  and  tenta- 
cula,  and  sends  trunks  backwards  into  the  shell.  The  trunk  which 
supphes  the  internal  tentacula,  and  what  is  regarded  as  the  olfactory 
organ,  has  a  small  ganglion  situated  upon  it ;  and  other  gangUa,  which 
probably  belong  to  the  stomato-gastric  and  sympathetic  systems,  are  found 
on  the  nerves  distributed  to  the  viscera.  In  the  Cuttle-fish,  and  other 
naked  species,  whose  habits  are  more  active  and  whose  general  organisation 
is  higher,  we  find  a  somewhat  different  arrangement  (Fig.  184).  The 
organ  of  vision  here  attains  an  increased  development  and  importance ; 
an  organ  of  hearing  evidently  exists ;  and  the  whole  surface  of  the  body 
is  possessed  of  sensibility.  The  cerebral  mass,  therefore,  attains  a  much 
increased  size,  and  several  smaller  ganglia,  connected  mtVv  ^Xv'Ci  ot^saa  ^*l 
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sense,  are  found  in  its  neighboorhood.  The  portion  of  the  oesophsigeal 
ooDsr  that  remains  below  the  aperture  for  the  passage  of  the  tube  is  now 
relativelj  small.  From  it  proceed  outwards  two  large  trunks  which  pass 
to  the  mantle,  and  which  enter  two  gang^  before  their  final  distribution. 
Two  central  trunks  pass  from  it  towards  the  intestines ;  and  gang^  are 
found  also  upon  the  ramifications  of  these,  which  probably  belong  to  the 
sympathetic  system.  The  appearance  of  ganglia  on  the  nerres  that  supply 
the  mantle  is  evidently  connected  with  the  increased  locomotire  powers 
possessed  by  that  organ  in  the  order  we  are  considering ;  and  they  are 
particularly  erident  in  those  in  which  the  lateral  fins  are  much  developed.* 
It  is  stated  by  Dr.  Sharpeyf  that  the  nerves  of  the  arms  of  the  Cuttle-fish 
have  a  structure  perfectly  similar  to  that  of  the  abdominal  cord  of  the 
Articulata, — consisting  of  two  pairs  of  trunks,  one  of  which  has  ganglionic 
enlargements  corresponding  with  the  suckers,  whilst  the  other  passes  over 
these  without  contributing  to  their  formation.  The  latter  probably  con- 
veys the  influence  of  the  cephaUc  ganglia  to  all  the  suckers ;  whilst  the 
former  produces  the  reflected  movements,  which  each  sucker  exhibits  when 
directly  irritated,  so  long  as  it  is  continuous  with  its  own  gangUon,  even 
though  separated  from  the  body. 

702.  It  would  seem  probable,  from  considering  the  origins  of  the  cepha- 
lic nerves  in  this  class,  that  the  greater  part  of  their  cerebral  mass  is  to  be 
regarded  as  analogous  to  the  optic  lobes  or  ganglia  of  Vertebrata,  which 
will  be  seen  to  constitute  the  largest  portion  of  the  brain  in  many  Fishes. 
The  infra-oesophageal  part,  from  which  the  auditory  and  respiratory  nerves 
arise,  and  which  is  continuous  with  the  two  large  trunks  distributed  to 
the  system,  probably  correspond  with  the  medulla  oblongata  (§  716). 
We  do  not  perceive  any  part  analogous  to  the  spinal  cord  of  Vertebrata, 
which  is  an  organ  possessed  of  independent  powers  distinct  from  those  of 
the  brain,  and  to  which,  therefore,  a  mere  nervous  trunk,  however  large, 
cannot  be  rightly  compared.  We  have  traced,  in  the  Cephalopoda,  the 
highest  development  of  a  nenous  system  formed  to  minister  chiefly  to  the 
nutritive  functions  ;  we  shall  now  follow  that  of  the  Articulata,  in  which 
the  locomotive  powers  are  so  predominant ;  and  we  shall  afterwards  find 
that  the  Vertebrata  combine  the  types  characteristic  of  both. 

703.  The  plan  on  which  the  nervous  system  is  distributed  in  the  sub- 
kingdom  Articulata,  exhibits  a  remarkable  uniformity  throughout  all  its 
classes  ;  whilst  its  character  gradually  becomes  more  elevated,  as  we  trace 
it  from   the  lowest  to   the  highest  divisions  of  the  group.       It  usually 

•  In  the  Poulp,  which  swims  by  a  kind  of  circular  fin,  formed  by  a  membrane  connect- 
ing the  tentacula  (§  1 32),  a  curious  connection  exists  between  the  nerves  radiating  to 
these  from  the  cephalic  ganglia  ;  for,  at  the  base  of  the  arms,  a  nervous  ring  is  found 
(like  that  of  the  Asterias  §  694),  which  unites  them  all,  and  probably  contributes  to 
harmonise  their  actions. 

f  Miillers  Physiology,  p.  676. 
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consists  of  a  double  nervous  cord,  studded  with  ganglia  at  intervals;  and  the 
more  alike  the  different  segments,  the  more  equal  are  these  gangUa.  The 
two  filaments  of  the  nervous  cord  are  sometimes  at  a  considerable  distance 
from  one  another,  and  their  ganglia  distinct  (Fig.  197);  but  more  fre- 
quently they  are  in  close  apposition,  and  the  ganglia  appear  single  and 
common  to  both  (Fig.  189).  That  which  may  be  regarded  as  the  typical 
conformation  of  the  nervous  system  of  this  group  is  seen  in  Fig.  190, 
which  shows  the  ganglionic  cord  of  the  Scolopendra  (Centipede).  This  is 
shown  to  run  from  one  extremity  of  the  body  to  the  other,  and  to  present 
nearly  the  same  proportions  throughout ;  each  ganglion  is  in  connection 
with  one  segment,  and  has  little  to  do  with  any  others ;  the  two  filaments 
of  the  cord  diverge  towards  the  head,  to  enclose  the  oesophagus,  above 
which  we  find  a  pair  of  gangha  that  receive  the  nerves  of  the  eyes  and 
antennee.  We  shall  find  that,  in  the  higher  classes,  the  inequaUty  in  the 
formation  and  office  of  the  different  segments,  and  the  increased  powers 
of  special  sensation,  involve  a  considerable  change  in  the  nervous  system, 
which  is  concentrated  about  the  head  and  thorax,  and  thus  approaches 
that  of  Vertebrata.  And,  in  the  simplest  Vermiform  tribes,  we  lose  all 
trace  of  gangUa,  the  nervous  cord  passing  without  enlargement  from  one 
extremity  to  the  other.  In  all  of  the  Articulated  classes,  the  nervous 
cord  appears  to  run,  not  along  the  back,  as  in  Vertebrata,  but  along  the 
abdominal  surface  of  the  body.  This  anomaly  is  explained,  however,  by 
the  fact  formerly  mentioned  (§116  note),  that  all  the  organs  in  these 
classes  appear  similarly  inverted,  so  that  they  may  really  be  regarded  as  in 
a  corresponding  position  with  those  of  Vertebrata,  when  the  animal  Ues  upon 
that  which  is  commonly  called  its  back,  but  which  is  really  its  abdomen. 

704.  When  we  examine  into  the  structure  of  this  column,  wherever  it  is 
well  developed,  we  find  that  it  principally  consists  of  two  distinct  tracts  ; 
one  of  which  is  fibrous  only,  and  passes  continuously  over  the  gangha ; 
whilst  in  the  other  the  gangha  are  formed.  Each  of  the  nerves  proceeding 
from  the  gangha  has  three  series  of  roots  ;  of  which  one  interlaces  with 
those  of  the  opposite  side  ;  whilst  the  second  terminates  (as  in  former 
cases)  in  the  grey  matter  of  the  ganglion  ;  and  the  third  is  continuous 
with  the  fibrous  tract,  which  connects  its  roots  with  the  cephahc  gangha. 
The  structure  of  this  ventral  column,  therefore,  is  precisely  analogous  to 
that  of  the  nervous  cord  which  supplies  the  arms  of  the  Cuttle-fish ;  and 
it  can  scarcely  be  doubted  that  its  physiological  action  is  similar.  When 
we  examine  the  distribution  of  the  nerves  proceeding  from  it,  we  find  that 
they  are  restricted  to  the  locomotive  organs  ;  and  that,  when  these  are 
similar  to  each  other  in  the  different  segments,  the  size  and  connections 
of  the  ganglia  are  precisely  the  same.  Hence  we  may  regard  them  as  so 
many  repetitions  of  the  pedal  or  locomotive  ganglion  of  the  Mollusca.  It 
is  easily  proved  that  the  movements  of  each  pair  of  feet  may  be  produced 
by  that  ganglion  alone  with  which  it  is  connected ;  for  if  a  Cewtv^^dfe 
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or  Millepede  be  divided,  whilst  in  motion,  into  several  portions,  each  wiD 
execute  movements  of  pn^ression  for  some  time.  Bnt  it  is  evident  that 
these  must  be  placed,  in  the  Uving  animal,  under  some  general  control,  by 
which  the  consentaneousness  of  action  that  is  essential  to  r^olar  motion 
may  be  produced.  This  general  control  is  exercised  by  the  cephalic  gan- 
glia, in  which  alone  the  consciousness  and  will  of  the  animal  probably 
reside,  and  from  which  the  motor  impulse  is  transmitted  to  the  several 
pairs  of  nerves,  by  the  fibrous  tract  whose  branches  enter  each  of  them. 
This  is  easily  proved  by  experiment ;  for  if,  in  a  Mantis  for  example,  the 
nervous  cord  be  divided  between  the  first  and  second  thoracic  ganglia,  so 
as  to  isolate  the  ganghonic  centres  of  the  posterior  legs,  the  limbs  will 
continue  to  move  energetically,  by  the  operation  of  their  own  ganglia,  but 
without  that  combination  which  is  essential  to  progression.  This  pre- 
cisely corresponds  with  what  has  been  formerly  stated  of  the  suckers  on 
the  arras  of  the  Cuttle-fish,  and  with  what  is  known  of  the  movements  of 
the  foot  in  the  lower  Mollusca,  which  are  in  Hke  manner  partly  dependent 
on  its  own  ganghon,  and  partly  on  the  influence  of  the  cephalic* 

705.  Besides  these  tracts,  however,  another  usually  exists,  which  lies 
between  the  fibrous  column  and  the  viscera ;  this,  too,  passes  over  the 
gangha  without  entering  them ;  and  its  nerves,  which  are  principally 
distributed  to  the  respiratory  organs,  usually  come  off  from  minute  gan- 
glia at  intermediate  points.  The  relative  position  of  these  parts  is 
explained  by  Fig.  192,  b,  which  represents  a  ganglionic  portion  of  the 
cord  viewed  on  the  side  in  contact  with  the  viscera,  and  shows  the  narrow 
resi)irator}'  tract  lying  on  the  fibrous  column,  and  this  again  passing  over 
the  ganglion  ;  and  c  gives  a  side  view  of  the  same.  This  respirator}' 
tract,  then,  may  be  regarded  as  consisting  of  a  series  of  respiratory  gan- 
glia and  nerves,  which  are  repeated,  like  the  pedal  ganglia,  in  conformity 
with  the  repetition  of  the  organs  which  they  supply,  and  which,  instead 
of  being  confined  to  one  part,  are  extended  through  the  whole  system 
(§  4G1).  Nothing  precisely  corresponding  to  it  is  found  in  the  spinal 
cord  of  Vertebrata,  since  the  respiratory  system  is  not  in  them  distributed 
so  remarkably  throughout  the  whole  body  ;  it  will  be  hereafter  shown, 
that  they  possess  distinct  centres  for  the  respiratory  actions,  although 
these  are  not  so  completely  isolated  from  other  portions  of  the  nervous 
system. 

70G.  A  very  brief  sketch  of  the  gradual  development  of  this  system  in 
the  lower  classes  of  Articulata  will  be  here  sufficient ;  since  it  is  in 
Insects  that  its  cliicf  peculiarities  are  manifested.  In  the  Stron^ylus, 
OIK'  of  the  ENTozoA,  we  find  (Fig.  185)  a  single  cord  running  from  one 

*  The  grounda  on  which  the  Author  has  adopted  this  view,  in  preference  to  the  opinion 
l)rcvi()U8ly  upheld  by  Dr.  Grant  and  Mr.  Newport,  that  the  ^an^/iomc  tract  is  s^isory  and 
tlie  Jibrous^  motor^ — ;ire  more  fully  developed  in  his  Prize  Thesis,  on  the  PhysiologiaU 
hit'crcncciy  from  llio  Stiuctiire  of  the  Nervous  Svstem  in  the  Invertcbratcd  Animals. 
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extremity  of  the  body  to  the  other,  but  separating  into  two  portions  to 
encircle  the  orifices  of  the  alimentary  canal.  This  does  not  exhibit  any 
gangUonic  enlargements ;  but  it  sends  off  slender  filaments,  at  short  in- 
tervals, which  encompass  the  body.  In  the  lowest  annelida,  such  as 
the  Earth-worm  (Fig.  186),  the  nervous  system  is  almost  exactly  similar, 
except  that  two  distinct  gangUa  are  found  anterior  to  the  oesophagus,  from 
which  nerves  proceed  to  the  mouth.  In  the  rotifera,  notwithstanding 
their  minuteness,  a  nervous  system  may  be  distinctly  traced ;  Fig.  187 
shows  that  of  the  Hydatina,  which  consists  of  a  circle  of  gangUa  surround- 
ing the  entrance  to  the  alimentary  canal,  and  giving  off  filaments  to  the 
powerful  muscles  of  the  jaws  and  to  the  cihary  apparatus  of  the  wheels, 
and  of  a  nervous  cord  that  proceeds  backwards  to  the  posterior  extremity 
of  the  body.  In  the  species  just  mentioned,  this  cord  is  single  and  desti- 
tute of  ganglia ;  but  in  others  it  is  evidently  double,  and  one  or  two  pairs 
of  gangUa  exist  upon  it.  In  the  cirrhopoda  we  find  another  variety  in 
the  distribution  of  the  nervous  system,  the  same  essential  type,  however, 
— the  double  ganghonic  cord — being  retained ;  and  it  was  the  discovery 
of  this  conformation  that  first  led  to  the  suspicion,  that  these  animals 
should  be  classed  vdth  the  Articulata,  and  not  as  formerly  vdth  the  Mol- 
lusca.  At  Fig.  188  is  shown  the  nervous  system  of  the  common  Barnacle 
(Anatifa),  A  slender  nervous  ring  surrounds  the  oesophagus,  and  sends 
filaments  to  the  neighbouring  parts,  but  scarcely  forms  a  gangUon  above 
it, — ^this  creature  being,  in  its  fixed  adult  state,  destitute  of  the  eyes  and 
antennae  which  it  possessed  when  in  the  condition  of  the  free-moving  Crus- 
tacea (§  125),  On  the  columns  which  traverse  the  body,  ganglia  are 
developed  at  the  base  of  each  pair  of  *members. 

707.  In  the  higher  forms  of  the  annelida,  we  are  led  to  the  condition 
of  the  nervous  system,  which  has  been  spoken  of  as  typical  of  the  group  of 
Articulata ;  for,  whilst  the  soft-skinned  species,  in  which  there  are  neither 
organs  of  special  sensation,  nor  distinct  members  for  propulsion,  have,  like 
the  Earth-worm,  scarcely  any  gangUonic  enlargements  on  the  nervous  cord, 
the  higher  tribes,  in  which  the  division  into  segments  becomes  distinct, 
and  in  which  the  animal  reUes  for  locomotion  more  upon  the  action  of  its 
members  than  upon  that  of  its  trunk,  have  ganglia  regularly  disposed  at 
intervals  corresponding  with  the  division  into  segments.  This  conforma- 
tion is  shown  in  Fig.  189,  which  is  the  nervous  system  of  the  Aphrodita 
(Sea-Mouse)  ;  where  we  perceive  two  small  supra-oesophageal  ganglia, 
corresponding  vrith  the  imperfectly-developed  eyes  and  antennse  of  this 
animal ;  and  a  series  of  gangUa  disposed  along  the  cord  vrith  considerable 
regularity,  becoming  smaller  and  closer,  however,  as  they  approach  the 
posterior  part  of  the  body.  There  is  evidently  but  little  difference,  except 
in  the  relative  development  of  the  cephaUc  gangUa,  between  this  system 
and  that  of  the  myriapoda  just  described  (Fig.  190).  Whilst  the  sen- 
sori-motor  system  is  thus  attaining  an  increased  development,  traces  of  the 
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frmpathetic  or  risceral  srstem  present  themaeheSy  in  die  fem  of 
filaments  embracing  the  dorsal  reasel,  and  brii^  amoi^  die  Tiaeeim ;  and 
these  are  oocaskmaDT  found  to  be  possessed  of  minute  gai^Ha,  A  set  of 
minute  ganglia  is  also  seen  near  the  entrance  to  the  oesoph^ns,  which 
belong  to  the  stomato-gastric  srstem  (§  712) ;  and  these  are  connected 
with  other  ganglia  which  are  sometimes  found  at  the  entrance  of  die  sto- 
mach. Upon  these  gan^ia,  the  actkms  of  masticatKHi,  de^ntitkm,  and 
trituration  in  the  stomach  are  probablj  for  the  most  part  dependent. 

708.   The  nenrous  system  of  insects,  like  the  rest  of  their  organs, 
presents  rery  different  aspects  at  the  different  stages  of  their  metamor- 
phosis ;  and  these  have  a  pecnliarlr  interesting  relation  with  the  general 
characters  and  habits  of  the  animals.    The  Larva  or  caterpillar,  it  has  been 
formerly  stated  (§11 9),  may  be  regarded  as,  in  almost  erery  respect,  on  a 
level  with  the  higher  Annelida ;  all  its  segments  are  equal,  or  nearly  so ; 
all  are  usually  provided  with  legs,  and  alike  concerned  in  the  function  of 
locomotion ;  and  its  nervous  cords,  with  their  ganglia,  are  consequently 
disposed  with  great  uniformity.     The  number  of  s^;ments  being  always 
13  (including  the  head  as  one),  that  of  the  ganglia  is  usually  the  same. 
The  cephalic  ganglia,  placed  in  front  of  the  oesophagus,  are  small  in  pro- 
portion to  the  size  they  subsequently  attain  (Figs.  191  and  194),  in  con- 
formity with  the  low  development  of  the  organs  of  special  sensation.     The 
first  ganglion  of  the  trunk,  placed  immediately  beneath  the  head,  sends 
nenes  to  the  first  pair  of  legs  ;  and  all  the  others  are  similar  to  it.     In 
the  Sphinx  liyvstrl  (Privet-Hawk-moth),  whose  nervous  system  is  repre- 
sented in  these  figures,  the  two  last  ganglia  are  consolidated  into  one,  as 
frequently  happens.*     Throughout  the  whole  column  of  the  larva,  the 
se{)aration  of  its  lateral  halves  is  e\'ident ;  and  this  is  a  character  peculiar 
to  the  lower  Articulated  tribes ;  for,  in  the  perfect  Insects,  Crustacea,  &c., 
its  divisions  approximate  so  closely  as  to  leave  no  space  between  them. 
The  small  respiratory  filaments  are  seen  to  come  off  a  Uttle  above  the 
ganglionic  nerves,  and  these  are  distributed  to  the  stigmata,  and  to  the 
muscles  concerned  in  respiration,  whilst  the  others  ramify  on  the  general 
surface  and  supply  the  locomotive  organs.     Besides  these  systems,  how- 
ever,   another   may  be   detected,  which  appears  to  have  its   analogy  in 
Vertebrata.     At  Fig.   191,  a,  is  an  enlarged  representation  of  the  cephalic 
ganglia  and  ajsophageal  ring  of  the  larva  of  the  Sphinx ;  and  two  filaments 
are  shown  to  proceed  from  the  lower  side  of  these  ganglia,  and  to  meet  in 
a  small  central  ganglion   from  which  a  nervous  trunk  proceeds.     This 
trunk  passes  downwards  along  the  oesophagus  and  stomach,  on  the  walls 
of  which  its  branches  are  distributed ;  and  it  appears  to  correspond  with 
the  portion  of  the  par  vagum  which  has  a  similar  distribution  in  Verte- 
brata.    In  the  latter  sub-kingdom,  the  par  vagum  supplies  the  lungs  and 
heart  as  well  as  the  stomach, ;  but  it  is  not  surprising  that  the  extended 

See  Newport  in  Phil.  Trans.,  1832  and  1834. 
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character  of  the  respiratory  organs  in  Insects  should  have  occasioned 
the  amplification  of  the  part  of  the  nervous  system  appropriated  to 
them,  into  what  is  apparently  a  distinct  portion  of  the  apparatus.  Besides 
this,  we  observe  two  small  gangUa  connected  with  nerves  which  come  off 
on  the  side  of  the  cephalic  ganglia ;  and  these  appear  to  belong  to  the  true 
sympathetic  or  visceral  system,  which  here  becomes  connected  with  the 
sensori-motor  nerves,  sends  filaments  to  the  organs  of  sense,  and  commu- 
nicates with  the  respiratory  nerves,  just  as  in  Vertebrated  animals. 

709.  When  the  larva  is  about  to  assume  the  Fwpa  state,  a  very 
remarkable  series  of  changes  takes  place  in  the  nervous  system,  the 
result  of  which  is  shown  in  Fig.  192.  The  ganglia  are  rapidly  approxi- 
mated, in  accordance  with  the  sudden  diminution  in  the  length  of  the 
body ;  but  the  cords  themselves  are  not  yet  shortened,  so  that  they  assume 
a  sinuous  form,  and,  in  the  thoracic  region,  the  lateral  halves  are  more 
widely  separated  than  before.  No  great  change  is  yet  seen  in  the  gangUa 
themselves  ;  but  the  oesophageal  ring  is  much  contracted  ;  and  the 
filaments  proceeding  to  the  rudimentary  wings,  which  now  make  their 
appearance,  begin  to  attain  a  considerable  size.  At  Fig.  192,  a,  is  an 
enlarged  representation  of  a  portion  of  the  thoracic  column,  showing  the 
transverse  or  respiratory  nerve  lying  on  the  median  line  (whilst  the 
sensori-motor  cords  diverge),  and  sending  off  its  lateral  branches  between 
the  gangha.  The  Sphinx  ligustri  remains  for  several  months  in  the  Pupa 
state ;  and  the  progressive  changes  in  its  nervous  system  may,  therefore, 
be  very  advantageously  watched.  It  appears  that,  between  the  time  of 
the  first  and  that  of  its  second  metamorphosis,  very  considerable  changes 
gradually  take  place,  which  all  tend  towards  its  final  development.  At 
Fig.  1 93  is  represented  what  may  be  regarded  as  its  characteristic  form 
in  the  pupa  state.  It  is  seen  that  the  inter-ganglionic  cords  have  now 
adapted  themselves  to  the  shortened  dimensions  of  the  body,  and  that 
they  lie  straight  as  in  the  larva.  The  cephalic  gangUa  are  shown  to  have 
greatly  increased  in  size,  and  to  be  in  such  close  proximity  with  the  first 
ganglion  of  the  trunk,  that  the  oesophageal  aperture  is  now  much  con- 
tracted. The  second  and  third  ganglia  of  the  tnmk,  from  which  the 
nerves  pass  to  the  wings,  are  considerably  enlarged  ;  whilst  the  fourth  and 
fifth  have  coalesced  into  one  mass,  to  which  the  sixth  also  closely  approxi- 
mates. The  abdominal  columns  are  but  little  altered ;  their  ganglia, 
however,  are  now  somewhat  smaller  in  proportion  to  the  rest. 

710.  The  condition  of  the  nervous  system  in  the  Imcigo  or  perfect 
Insect  is  shown  in  Fig.  194.  The  cephalic  gangUa  have  now  undergone 
an  enormous  increase  in  development,  the  part  connected  with  the  eyes 
being  particularly  enlarged ;  and  they  extend  over  the  oesophageal  canal 
so  much  as  to  conceal  it,  uniting  themselves  closely  with  the  first  gangUon 
of  the  trunk.  The  second  ganglion  has  entirely  shifted  its  position 
and    receded   towards   the   middle  of   the  thorax  ;    the  third  has  q^uite 
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disappeared,  seeming  to  haye  coalesced  in  part  with  the  second,  and  in  part 
with  the  one  helow  it,  as  well  as  with  their  connecting  cords.  The  next 
gangUon  seems  to  contain  the  nervous  matter, — not  only  of  the  fourth  and 
fifth,  which  have  evidently  coalesced  to  form  it, — hut  of  the  sixth  and 
seventh,  which  have  hecome  ohUterated,  though  their  nerves  are  stfll 
given  off  from  the  cord.  The  remaining  gan^ia  have  undeigone  hnt  Httle 
change,  but  are  much  smaller  in  proportion  to  the  rest.  This  alteration 
is  evidently  conformable  to  that  which  has  taken  place  in  the  condition  of 
the  locomotive  apparatus, — the  number  of  legs  having  now  diminished  to 
six,  which  proceed  from  the  three  s^ments  of  the  thorax,  with  which  also 
the  wings  are  connected.* 

711.  We  see,  then,  that  the  tendency  of  the  metamorphosis  is  to  concen- 
trate the  gan^onic  portion  of  the  nervous  system  in  the  head  and  thorax ; 
the  former  being  the  position  of  the  organs  of  special  sensation,  the  latter 
the  situation  of  the  locomotive  system.  A  lateral  concentration  may 
be  frequently  observed,  as  well  as  a  longitudinal  one ;  for  in  some 
larvee  the  two  cords  are  quite  distinct,  and  are  separated  by  a  considerable 
interval ;  and  these  approximate  in  the  Imago  into  a  single  column. 
There  are  many  Insects  in  which  the  concentration  is  carried  much 
farther  than  in  the  instance  now  described ;  the  abdominal  ganglia  being 
almost  entirely  obliterated,  and  the  nervous  centres  restricted  to  the  head 
and  thorax.  This  is  partly  the  case  in  the  Meldontha  (Cock-chafer), 
whose  nervous  system  is  represented  in  Fig.  195.  The  cephalic  ganglia 
are  here  seen  to  have  great  lateral  development,  and  to  approximate 
closely  to  the  first  ganglion  of  the  trunk.  The  small  lateral  ganglia,  also, 
which  belong  to  the  sympathetic  nerve,  are  considerably  developed. 
Three  contiguous  gangUonic  masses  exist  in  the  thorax,  from  which  nerves 
radiate  to  the  wings  and  legs,  and  others  pass  backwards  into  the 
abdomen,  where  no  gangUa  exist.  The  greatest  concentration  exists, 
however,  in  the  orders  Homoptera  and  Hemiptera. 

712.  In  many  Insects  the  stomato-^astric  system  attains  a  very  high 
degree  of  development.  Its  character  in  the  larva  of  the  Sphinx,  as 
described  by  Mr.  Newport,  has  been  already  stated  ;  but  in  the  adult 
Orthoptera  it  is  of  so  complex  a  nature,  as  to  afford  a  more  advantageous 
opportunity  of  studying  its  character.  In  Fig.  196  is  shown  the  cephalic 
mass  of  the  Gryllus  migratorius  (Locust),  with  the  gangUa  and  principal 

*  The  origins  of  the  nerves  supplying  both  pairs  of  wings  have  here  united  ;  and  the 
same  structure  is  found  in  the  Bee  and  other  Hifinenoptera  remarkable  for  rapid  flight. 
On  the  other  hand,  in  many  Insects  which  are  not  remarkable  for  velocity  or  equability 
of  motion,  the  nerves  supplying  each  wing  originate  separately,  and  have  little  commu- 
nication, just  as  in  the  larva  of  the  Sphinx ;  and  in  the  Coleoptera,  in  which  the  upper 
piiir,  ox  elytra  (§  l'22,7io/^),  are  motionless  during  flight,  the  nerves  frequently  remain 
entirely  separate.  Hence  it  is  not  unfairly  argued  by  Mr.  Newport,  that  this  common 
origin  of  the  nerves  is  subservient  to  the  uniformity  and  equability  of  the  actions  of  the 
wings  required  in  Insects  of  rapid  and  powerful  flight. 
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trunks  of  its  stomato-gastric  system.  In  front  of  the  cephalic  gangUa^ 
there  Ues  a  small  gangUon  on  the  median  line,  connected  with  them  hj  a 
peduncle  on  each  side ;  from  this,  which  wilt  be  called  the  anterior  gan- 
glion, arises  the  recurrent  trunk  which  passes  backwards  on  the  oesophagus, 
and  also  some  branches  which  proceed  forwards  to  the  masticating  appa- 
ratus. Behind  the  cephaUc  mass  are  seen  two  pairs  of  ganglia,  which 
seem  partly  to  belong  to  the  central,  and  partly  to  the  lateral  or  sjnnpathe- 
tic  system.  Their  principal  branches  proceed  along  the  oesophagus  to  the 
stomach,  where  they  form  other  small  gangUonic  enlargements ;  but  filaments 
proceed  also  to  the  dorsal  vessel,  and  to  other  viscera.  As  will  be  hereafter 
shown,  the  movements  of  the  oesophagus  and  stomach  are  more  or  less 
dependent  upon  nervous  influence ;  whilst  those  of  other  parts  of  the  visce- 
ral apparatus  are  only  controlled  and  regulated  by  it.  The  anterior  gan- 
glion of  Insects  appears  to  correspond  with  that  which  is  found  in  a  corre- 
sponding situation  in  the  higher  Mollusca ;  and  which  constitutes  the 
centre  of  the  muscular  actions  immediately  concerned  in  the  prehension  of 
food,  acting  almost  as  independently  of  the  cephaUc  ganglia,  as  do  the 
respiratory  centres.  There  would  seem,  however,  to  be  a  greater  tendency 
towards  the  union  of  these  centres  with  the  oesophageal  collar,  than  of 
those  presiding  over  the  respiratory  function,  which  is  more  independent 
of  the  will ;  for  they  are  found  to  coalesce,  in  variable  degree,  in  many  of 
the  higher  Mollusca.  In  considering  the  analogies  of  this  system  in  Ver- 
tebrata,  it  is  necessary  to  study  the  connections  of  the  different  nerves 
proceeding  from  the  medulla  oblongata, — especially  those  of  the  par 
vagum.  This  nerve  is  distributed  to  three  separate  systems, — the  respira- 
tory, the  circulating,  and  the  digestive ;  and,  as  we  know  that  the  ultimate 
fibres  of  nerves  never  anastomose,  there  can  be  no  doubt  that,  if  these 
branches  were  traced  separately  back  to  their  origins,  they  would  be  found 
to  have  distinct  connections  with  their  ganghonic  centres.  There  is  no 
difiiculty  in  understanding,  then,  why  these  gangUa  should  be  distinct  in 
the  Invertebrated  classes,  in  which  there  is  so  much  less  concentration 
of  the  nervous  system ;  or  in  perceiving  the  analogy  between  the  branchial 
ganglion  and  its  nerves  in  Mollusca,  or  the  multipHed  respiratory  ganghon 
of  Insects,  with  the  pneumonic  portion  of  the  par  vagum,  and  the  segment 
of  the  medulla  oblongata  in  which  it  terminates.  Nor  is  it  more  obscure, 
that  these  oesophageal  and  gastric  nerves  correspond  with  similar  divisions 
of  the  par  vagum,  although  here  completely  separated  from  the  respiratory. 
The  nerves  proceeding  forwards  from  the  anterior  gangUon  of  the  Insect, 
in  like  manner  correspond  with  the  third  division  of  the  fifth  pair  (or  mas- 
ticator nerve)  of  Vertebrata,  which  also  originates  in  the  medulla  oblon- 
gata ;  and  this,  with  the  oesophageal  portion  of  the  par  vagum  and  the 
glosso-pharyngeal,  form  a  natural  group  of  nerves,  by  which  all  the  actions 
immediately  concerned  in  the  reception  of  the  food  into  the  stomach  are 
performed.     These  actions,  as  will  be  hereafter  seen,  are  not  dependent  qv\ 
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the  brain ;  and  it  b  interesting  to  find  their  centres  so  much  detached  from 
the  cephalic  gangUa  in  the  Invertebrata,  although  still  connected  with  them 
b  J  the  cords,  which  probably  serve  to  transmit  their  controlling  and  t^;q- 
lating  influence  to  the  organs  supphed  by  this  system. 

713.  The  CRUSTACEA  present  us  with  nearly  as  great  a  rariety  in  the 
forms  of  the  neirous  system  as  do  the  Insect  tribes.  In  some  of  the 
least-developed  species  of  this  class,  the  nervous  filaments  are  scarcely 
perceptible.  In  many  more,  in  which  the  equaUty  of  the  s^ments  of  the 
body  indicates  an  affinity  with  the  class  Myriapoda,  the  nervous  system 
almost  exactly  resembles  that  of  the  Centipede  or  higher  Annehda.  This 
is  the  case  in  the  Talitrus  locusta  (sand-hopper)  whose  nervous  system  is 
represented  in  Fig.  197.  The  two  cords  are  seen  to  be  at  an  unusual 
distance  from  one  another,  and  even  the  ganglia  are  widely  separated, 
although  connected  by  a  transverse  filament.  The  cephalic  gan^ia  are 
but  little  larger  than  the  rest,  which  are  very  uniform  in  size  and 
position.  In  higher  orders,  however,  we  perceive,  as  in  Insects,  a  ten- 
dency to  the  concentration  of  the  ganglia  in  the  thorax,  and  to  the  increase 
in  the  size  of  those  representing  the  brain.  This  is  seen  in  the  Lobster, 
where,  although  none  of  the  ganglia  are  obHterated,  the  last  seven  are 
small  in  comparison  with  the  first  five.  But  it  is  in  the  short-bodied 
Crabs  that  this  concentration  becomes  most  apparent.  We  here  find,  as 
in  some  Insects,  but  one  thoracic  mass,  from  which  the  whole  of  the  trunk 
is  supplied  with  nerves,  as  in  the  Maia  squamado.  Fig.  1 98  ;  and  this  con- 
formation e^'identlv  leads  us  towards  the  Mollusca,  in  which  there  is 
a  similar  tendencv  to  the  concentration  of  the  nervous  matter  around  the 
oesophagus.  Tlie  distribution  of  the  ner\ous  system  in  the  arachnida  is 
not  dissimilar  to  that  of  the  Crustacea — the  Spiders  of  the  sea.  In  the 
long-bodied  Scorj^ions  there  is  a  large  mass  surrounding  the  oesophagus, 
formed  by  the  union  of  the  cephalic  with  the  first  thoracic  or  infra- 
cesophageal  ganglion,  from  which  the  nerves  of  the  five  pairs  of  legs  are 
given  off;  and,  posteriorly  to  this,  are  seven  small  ganglia  disposed  at 
regular  intervals  along  the  trunk.  In  the  Spiders  (Fig.  199),  on  the 
other  hand,  we  find  the  cei)halie  ganglia  distinct,  but  small ;  and  these 
communicate  with  a  large  star-shaped  mass  in  the  front  of  the  thorax, 
which  ap[)ears  to  be  formed  by  the  union  of  at  least  four  pairs  of  gangha, 
and  which  sends  off  nerves  to  the  legs  ;  from  this  proceeds  a  double  cord, 
which  swells,  at  its  termination,  into  an  enlargement  that  gives  off  branches 
to  the  other  organs. 

714.  The  number  and  variety  of  the  actions,  to  which  the  ganglionic 
column  of  the  Articulata  is  found  to  minister,  after  the  cephahc  ganglia 
have  been  removed,  is  very  remarkable  ;  and  they  seem  to  have  a  consen- 
taneousness  proportioned  to  the  closeness  of  <the  relation  between  the  ner- 
vous centres  in  different  species.  Thus  in  the  Centipede,  we  find  the 
ganglia  of  each  segment  distinct,  but  connected  by  a  commissural  trunk ; 
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and  here  an  impression  made  equally  upon  the  afferent  nerves  of  all  the 
ganglia  will  produce  a  consentaneous  action.  If,  for  example,  the  stigmata 
on  one  side  of  a  decapitated  Scolopendra  be  exposed  to  an  irritating  vapour, 
the  body  will  be  immediately  flexed  in  the  opposite  direction ;  and  if  the 
stigmata  of  the  opposite  side  be  then  similarly  irritated,  a  contrary  move- 
ment will  occur ;  but  different  actions  may  be  excited  in  different  parts  of 
the  cord,  by  a  proper  disposition  of  the  irritating  cause.  However  great 
may  be  the  adaptation  of  these  movements  to  the  purpose  of  removing  the 
body  from  injury,  there  is  no  sufficient  ground  for  supposing  that  they 
indicate  toill  or  even  sensation  on  the  part  of  the  animal ;  since  there  is 
good  reason  for  beheving,  that  these  are  extinguished  by  the  removal  of 
the  cephaHc  gangUa ;  and  the  adaptation  manifestly  consists  in  the  original 
adjustment  of  the  functions  of  each  individual  gangUon.  The  foregoing, 
however,  is  a  comparatively  simple  case,  since  the  endowments  of  these 
ganglia  are  all  similar.  In  the  higher  classes,  where  the  gangUa  of  the 
locomotive  organs  are  much  concentrated,  the  same  irritation  will  produce 
consentaneous  actions  in  several  members,  resembling  those  which  the 
unmutilated  animal  performs,  and  still  more  apparently,  therefore,  indi- 
cating consciousness  and  will.  Thus,  the  Mantis  religiosa  customarily 
places  itself  in  a  curious  position,  especially  when  threatened  or  attacked, 
resting  upon  its  two  posterior  pairs  of  legs,  and  elevating  its  thorax  with  the 
anterior  pair,  which  are  armed  with  powerful  claws.  If  the  anterior  seg- 
ment of  the  thorax,  with  its  attached  members,  be  removed,  the  posterior 
part  of  the  body  will  still  remain  balanced  upon  the  four  legs  which  belong 
to  it,  resisting  any  attempts  to  overthrow  it,  recovering  its  position  when 
disturbed,  and  performing  the  same  agitated  movements  of  the  wings  and 
elytra  as  when  the  unmutilated  insect  is  irritated.  On  the  other  hand, 
the  detached  portion  of  the  thorax,  which  contains  a  ganghon,  will,  when 
separated  from  the  head,  set  in  motion  its  long  arms,  and  impress  their 
hooks  on  the  fingers  which  hold  it.  These  facts  prove  unequivocally  that 
the  instinctive  movements  of  these  parts,  which  are  performed  in  direct 
respondence  to  external  impressions,  do  not  depend  upon  the  will  of  the 
animal,  since  this  could  not  be  exerted  upon  two  separated  parts  of  the 
body  at  once,  even  if  still  remaining  in  either ;  and  the  same  argument 
renders  it  improbable  that  sensation  is  concerned  in  them.  Another  fact 
proves  still  more  satisfactorily,  that  a  particular  stimulus  is  necessary  for 
the  excitement  of  each  kind  of  movement.  A  specimen  of  the  common 
Dytiscus  (Water-Beetle),  from  which  the  cephalic  gangha  had  been 
removed,  lay  perfectly  still,  so  long  as  its  abdomen  was  in  contact  with  a 
dry  surface ;  but,  when  cast  into  water,  it  immediately  began  to  execute 
its  usual  swimming  motions  with  great  energy  and  rapidity,  striking  all  its 
comrades  to  one  side,  and  persisting  in  this  for  half  an  hour.* 

*  Much  valuable  information  on  the  subject  of  the  foregoing  section  will  be  found  iiv 
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715.  The  princ^Md  Taiietks  in  the  distributioD  of  die  ncrroas  sppan- 
tus  in  the   Inrertebrated  dosses   hxring  now  been  described,   we  aie 
prepared  to  enter  npon  the  considermtion  of  its  oonfonnjition  in  Yekte- 
BRATA.     It  has  been  aheadj  remarked  (§  1 73)  that,  in  this  dirision  of 
the  Animal  kingdom,  the  looomotire  srstem  of  the  Articulated  dasses 
maT  be  r^arded  as  united  with  the  nntritire  apparatus  of  the  Mofinset ; 
and  this  union  is  nowhere  more  remarkable  than  in  the  nenrons  srstem. 
We  hare  traced  in  the  latter  groiqp  a  circle  of  gan^ia  sarroonding  the 
oesophagus,  specially  connected  with  the  organs  of  smse,  and,  therefore, 
with  the  function  of  nutrition ;    we  hare  seen  these  becoming,  in  the 
higher  species,  supra-oesophageal,  and  acquiring  more  and  more  influence 
over  the  sereral  organs,  each  of  which  had  originaDr  a  distinct  centre  for 
itself;  we  hare  also  noticed  the  Terr  low  development  of  the  locomotire 
gan^ia  in  proportion  to  those  concerned  in  re^iration  and  other  organic 
ftmctions.     In  the  Articnlata,  on  the  other  hand,  we  hare  seen  that  the 
ganglia  connected  with  the  organs  of  special  sensation  and  surrounding  the 
oesophagus,  are  usuaDr  quite  subordinate  to  those  connected  with  the 
locomotive  apparatus,  in  the  neighbourhood  of  which  the  greatest  concen- 
tration takes  place ;  and  that,  where  this  is  di£Fused  (as  in  the  AnTw^liik, 
Myriapoda,  and  larvae  of  Insects)  throu^out  the  whole  body,  eadi  seg- 
ment appears  much  more  dependent  upon  its  own  gang^on,  than  upon  any 
influence  it  derives  from  the  cephalic  mass,  whose  function  is  probably  to 
harmonise  and  direct  the  actions  of  all.     Now,  in  the  Yertebrata  we  find 
both  these  types  of  structure  united ;  for  the  cerebral  mass  obviously  cor- 
responds with  that  of  the  higher  Cephalopoda  (the  lowest  Fishes  scarcely 
exhibiting  any  advance  in  its  character)  ;  whilst  the  spinal  cord,  being  pos- 
sessed of  independent  powers,  must  be  regarded  as  something  verv  different 
from  a  mere  bundle  of  nerves, — such  as  passes  off  from  the  cerebral  mass  in 
the  Mollusca ;  and  will  be  shown  to  correspond  with  the  ganglionic  cord  of 
the  Articulata.     In  tracing  the  development  of  the  nervous  system  from 
the  lowest  to  the  highest  forms  it  assumes  in  this  division  of  the  Animal 
kingdom,  it  is  necessary,  for  the  right  understanding  of  its  character,  to 
lay  aside  all  preconceived  notions  derived  from  the  study  of  the  human 
brain  alone  ;  since  the  extraordinary  difference  in  the  proportions  of  its 
parts,  from  those  which  we  meet  with  elsewhere,  would  otherwise  be  a 
source  of  great  confusion. 

716.  That  which  may  be  regarded  as  the  most  essential  part  of  the 
nervous  system  in  Yertebrata,  is  the  nervous  cord  commonly  known  as 
the  spinal  marrow,  i^ith  its  continuation  in  the  cranium  as  far  as  its 
junction  with  the  hemispheres  of  the  brain  (termed  the  medulla  oblongata); 
this  is  altogether  called  the  cerebrospinal  axis.  The  spinal  cord  consists 
of  a  continuous  mass  of  grey  matter,  enclosed  within  fibrous  structure ; 

Burmeister's  Entomology,   Book  iil  Chap.  6  ;  and  in  the  Physiologic  Compar^e  of  M 
Duges,  Vol.  L  ;  from  whicla  the  ^^xecedlixg  facts  are  selected. 
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and  it  may  thus  be  regarded  as  analogous  to  the  gangHonic  chain  of  the 
Articulata.  Below  the  medulla  oblongata,  its  endowments  appear  nearly 
similar  throughout ;  for  all  the  nerves  which  proceed  from  it  are  distri- 
buted to  the  sensory  surfaces  and  to  the  locomotive  organs.  In  some  Ver- 
tebrata,  whose  form  resembles  that  of  the  Articulata  (such  as  the  Eel  and 
Serpent,)  there  is  no  difference  in  the  size  or  distribution  of  the  several 
pairs  of  nerves,  as  no  extremities  are  developed ;  but  in  other  cases,  the 
size  of  the  trunks  proceeding  to  the  anterior  and  posterior  extremities  is 
much  greater  than  that  of  the  nerves  given  off  from  the  other  segments  of 
the  cord ;  and  the  quantity  of  grey  matter  at  their  roots  is  correspondingly 
increased.  In  these  trunks  both  afferent  and  efferent  fibres  are  bound  up  ; 
but  they  separate  at  their  roots  or  junction  with  the  spinal  cord, — the 
afferent  being  connected  with  the  side  of  the  cord  nearest  the  surface  of  the 
back, — and  the  motor  with  that  next  the  viscera.  Both  these  roots  have 
two  sets  of  connections ;  some  of  each  enter  the  grey  substance  of  the 
cord,  in  which  they  seem  lost ;  whilst  others  are  continuous  with  the 
fibrous  portion  of  the  cord,  and  are  thus  put  in  connection  with  the  brain. 
In  this  respect,  then,  there  is  a  precise  correspondence  between  the  spinal 
column  of  Vertebrata  and  the  ventral  cord  of  Insects ;  and  in  the  former, 
as  in  the  latter,  does  experiment  indicate,  that  each  segment  of  the  cord 
has  a  certain  degree  of  independence, — reflex  actions  being  excitable 
through  it,  so  long  as  the  circle  of  afferent  and  motor  nerves,  and  their  gan- 
glionic centre,  are  in  an  active  and  uninjured  state,  even  though  it  be  com- 
pletely separated  from  all  the  rest.  At  the  upper  portion  of  the  spinal 
cord,  however,  there  is  a  series  of  gangHonic  enlargements,  having  several 
distinct  ftmctions.  From  the  medulla  oblongata  proceed  the  chief  nerves 
which  are  subservient  to  the  respiratory  actions,  and  also  those  concerned 
in  mastication  and  deglutition  ;  so  that  this  may  be  regarded  as  combining 
the  respiratory  and  the  stomato-gastric  gangHa.  Above  or  in  front  of  this, 
again,  we  find  auditory,  optic,  and  olfactory  ganglia,  corresponding  to  vari- 
ous subdivisions  of  the  cephalic  gangHa  in  the  Invertebrata.  On  the  roots 
of  the  afferent  nerves  is  a  small  gangHonic  enlargement,  which  some  have 
considered  analogous  to  the  ganglia  of  the  ventral  cord  of  Insects.  There 
is  not  the  sHghtest  ground  for  the  comparison,  however  ;  for  these  inter- 
vertebral  ganglia  are  the  centres  of  the  grey  or  organic  fibres  (§  68)  which 
the  sensori-motor  nerves  contain,  and  traces  of  them  may  be  found  in  the 
larger  Invertebrata,  such  as  the  Lobster.  In  Fig.  212  is  seen  the  double 
mode  of  termination  of  the  spinal  nerves,  with  the  gangHonic  enlargement 
on  the  posterior  root.* 

*  The  nerves  arising  from  the  spinal  portion  of  the  cerehro-spinal  axis  have  all  double 
roots  ;  but  those  of  special  sensation,  which  take  their  origin  within  the  skull,  are  not  in- 
corporated with  any  motor  trunk;  and  the  motor  nerves  of  the  eye,  and  of  the  greater 
part  of  the  face,  are  not  united  at  their  origin  with  any  sensory  filaments.  The  loss  of 
the  sensibility,  or  of  the  capability  of  motion,  of  particuLai  OTg.a'OA,  \fv«i^  \^  Y^q^xwsr^^ 
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717.  The  portions  of  the  nervous  system  which  seem  to  be  pecuKarto 
the  Vertebrated  classes  are  the  Cerebral  lobes  or  hemispheres,  and  the  Cere- 
bellum.  The  former  {b.  Figs.  200 — 219)  constitute  the  mass  of  the  brain 
in  the  Mammaha;  but  in  Fishes  they  are  usually  inferior  in  size  to  the 
optic  gangha,  c.  As  we  ascend  from  the  lowest  to  the  highest  Vertebrated 
animals,  do  we  observe  an  increased  development  of  these  organs,  with 
respect  to  the  cerebro-spinal  axis  and  the  nerves  and  ganglia  appertaining 
to  it,  which  seems  to  bear  a  pretty  close  relation  to  the  degree  of  intelli- 
gence of  the  animal ;  their  surface  becomes  convoluted  (Fig.  211)  so  as  to 
augment  the  quantity  of  cortical  or  grey  matter ;  and  the  complexity  of 
the  arrangement  of  the  fibres  of  the  medullary  or  white  portion  greatly 
increases.  The  cerebral  lobes  are  connected  with  both  tracts  of  the  spinal 
cord ;  and,  from  the  points  of  union,  fibres  may  be  seen  diverging  towards 
all  parts  of  their  surface.  The  Cerebellum  (d,  Figs.  200 — 219),  which  is 
always  situated  beneath  the  hemispheres,  is  an  organ  of  whose  precise 
functions  we  are  obUged  to  confess  our  ignorance ;  in  the  lowest  classes  it 
forms  a  single  mass  placed  on  the  median  plane ;  whilst,  in  the  higher, 
it  is  divided  into  two  hemispheres.  It  is  connected  with  both  columns  of 
the  spinal  cord ;  and  experiment  leads  to  the  behef,  that  its  office  is  in  part 
to  combine  the  individual  actions  of  different  members,  into  the  complex 
and  nicely-balanced  movements  required  for  progression  of  various  kinds. 
We  may  now  briefly  glance  at  the  relative  development  and  position  of 
these  parts  in  the  different  classes  of  Vertebrata. 

718.  In  FISHES,  although  the  head  is  generally  large  in  proportion  to 
the  trunk,  and  its  cavity  capacious,  only  a  small  part  of  it  is  filled  vnth 
the  brain,  which  as  yet  appears  but  a  slightly-developed  prolongation  of  the 
spinal  cord.  The  interval  between  the  walls  of  the  skull  and  the  surface 
of  the  brain  is  filled  with  fluid,  contained  in  a  closed  serous  membrane,  the 
arachnoid.*  The  most  anterior  of  the  ganglia  contained  in  the  head  are 
those  connected  with  the  olfactory  nerves  (a,  a.  Fig.  200)  ;  these  are  some- 
times separated  by  peduncles  from  the  rest  of  the  brain,  especially  in  carti- 
laginous fishes,  such  as  the  Ray  (a,  a.  Fig.  202).     Behind  these  are  the 

therefore,  by  dividing  the  sensory  or  motor  roots  of  their  nerves,  if  these  arise  from  the 
spine,  or  by  dividing  their  distinct  trunks,  if  their  function  be  single ;  and  disease  or  injury 
of  these  parts  produces  corresponding  effects.  Cases  of  palsy  of  the  face,  in  which  the 
sensibility  is  retained  whilst  the  muscular  power  is  lost,  or  in  which  muscular  power  is 
retained  and  sensibility  lost,  are  by  no  means  rare  ;  but  instances  of  the  same  affection 
of  parts  of  the  trunk  are  not  so  common,  since  any  affection  of  a  nerve  in  its  course 
will  here  implicate  both  the  motor  and  sensory  filaments,  which  can  only  be  separately 
acted  on  at  their  origins. 

♦  This  is  one  of  the  many  instances  in  which  a  condition,  which  is  the  result  of  disease 

•n,  is  found  to  be  the  natural  state  of  some  of  the  inferior  tribes.     Amongst  other 

♦Jie  same  kind,  the  adhesion  of  the  heart  to  the  pericardium,  and  the  dilatation 

^cells  of  the  lungs,  might  be  instanced ;  the  former  being  the  natural  condition 

,  and  the  latter  iiv  Reptiles. 
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hemispheres  of  the  brain^  b,  b,  which  are  usually  small  in  proportion  to 
other  parts ;  they  have  no  ventricles  or  cavities  in  their  interior,  nor  con- 
volutions on  their  surface.  We  next  come  to  the  optic  lobes  or  ganglia, 
c,  c,  which  are  not  un^quently  larger  than  the  hemispheres ;  these  may 
be  regarded  as  analogous  to  the  principal  part  of  the  cephalic  ganglia  in 
Invertebrated  animals;  but,  in  the  higher  classes,  they  will  be  seen  to 
diminish  in  proportion  to  the  development  of  the  hemispheres.  Even  in 
the  more  powerful  cartilaginous  Fish,  such  as  the  Sharks,  the  hemispheres 
are  already  so  far  prolonged  backwards  as  partly  to  conceal  them.  Behind 
these  we  find  the  cerebellum,  d,  which  is  but  a  simple  transverse  band  in 
the  lowest  cyclostome  fishes,  and  bears  but  a  small  proportion  to  the  optic 
lobes  in  the  Conger  (Fig.  201)  and  others  of  that  tribe;  whilst,  in  the 
muscular  Rays  and  Sharks,  it  is  prolonged  forwards  so  as  partly  to  cover 
the  optic  lobes,  and  backwards  on  the  spinal  cord.  Still,  however,  it  is 
only  the  central  portion  which  is  yet  developed,  the  lateral  lobes  being 
entirely  absent.  The  spinal  cord  differs  much  in  its  proportions  in  dif- 
ferent tribes  of  this  class.  In  the  Eel  and  other  Vermiform  fishes,  it  is  of 
nearly  uniform  size  throughout ;  and,  in  the  lowest  of  these,  the  cerebral 
ganglia  are  scarcely  more  prominent,  than  are  those  of  the  leech  or 
caterpillar.  In  proportion  as  distinct  locomotive  members  are  developed, 
do  we  find  enlargements  of  the  spinal  cord  corresponding  with  the  origins 
of  their  nerves,  just  as  in  the  gangUonic  column  of  Insects ;  and  where  the 
anterior  members  are  very  powerful,  as  in  the  Trigla  (Gurnard),  these 
enlargements  have  an  evidently  gangUonic  character  (Fig.  200).  In  such 
species  as  the  Lophius  (Frog-fish),  in  which  the  nutritive  system  is  enor- 
mously developed  at  the  expense  of  activity  of  locomotion,  and  the  animal 
thus  constructed  more  upon  the  Molluscous  t3rpe,  the  nervous  centres  are 
confined  to  the  neighbourhood  of  the  head ;  for  the  true  spinal  cord  soon 
separates  into  a  bundle  of  nerves,  which  act  only  as  conductors.  Through- 
out the  whole  of  the  spinal  column  in  Fishes,  there  is  a  canal  which  marks 
its  division  into  two  lateral  halves,  as  in  the  Articulata ;  and  this  canal  is 
particularly  wide  beneath  the  cerebellum, — ^the  position  in  which  the  oeso- 
phagus passes  through  it  in  Insects,  &c., — ^but  is  contracted  in  the  higher 
classes  into  Xhe  fourth  ventricle, 

719.  In  REPTILES  (Figs.  203 — 5)  we  observe  a  considerable  advance  in 
the  development  of  the  hemispheric  ganglia,  and  a  proportional  diminution 
in  those  connected  merely  with  the  sensory  nerves.  The  former  contain 
hollows  or  ventricles  within,  into  which  their  enveloping  membrane  is  con- 
tinued, and  which,  therefore,  increase  the  general  extent  of  surface.  The 
cerebellum  is  still  a  simple  mass,  but  shghtly  developed  in  respect  to  the 
hemispheres.  The  nervous  system  ofBatrachia,  Uke  all  their  other  organs, 
presents,  in  the  tadpole  state,  the  characters  of  that  of  Fishes ;  and  these 
are  partly  retained  by  the  perennibranchiate  species  during  the  whole  of 
their  existence.     In  Fig.  218  are  shown  the  brain  and  spinal  cord  of  a 

1*  ^ 


young  Tadpole ;  where  the  cerebral  hemispheres,  6,  6,  are  seen  to  be  of 
small  size,  and  to  be  separated  by  a  considerable  interrol  from  the  optic 
ganglia,  c,  c;  whilst  the  cerebeUum,  d,  is  but  a  transyerse  hand,  and  the 
spinal  cord  narrow,  although  sUghtly  dilated  in  parts.  As  the  members 
are  formed,  however,  and  the  whole  condition  advances,  the  posterior  and 
middle  portions  of  the  spinal  cord,  from  which  their  nerves  are  derived, 
enlarge  considerably  (Fig.  219}  ;  at  the  same  time  this  column  is  shortened 
relatively  to  the  length  of  the  body,  being  withdrawn  from  the  taA  which 
formerly  contained  it ;  and  the  development  of  the  cerebral  hemispherei« 
proceeds,  until,  in  the  adult  Frog,  the  parts  of  the  brain  have  the  proper 
tions  represented  in  Fig.  204.  {The  olfactory  ganglia,  which  are  here 
small,  are  not  shown  in  the  figure,  being  concealed  by  the  hemispheres,  in 
apposition  with  whose  under  surfiice  they  lie).  In  the  Turtle,  the  cerebral 
hemispheres  are  considerably  more  developed  in  proportion  to  the  sensory 
ganglia,  as  is  seen  at  fi.  Fig.  205. 

720.  In  BIRDS  we  find  the  centres  of  the  nervous  system  attauiing  a 
greatly-increased  lateral  development,  and  filhng  up  the  whole  of  the  cavily 
which  contains  them.  It  is  in  the  cerebral  hemispheres  that  the  principal 
increase  is  manifested ;  and  these  extend  not  only  laterally,  but  so  far 
backwards  as  nearly  to  cover  the  optie  lobes  (Pig.  210),  which,  as  well  aa 
the  olfactory  gangha,  are  proportionably  reduced  in  size.  The  cerebellum 
now  exhibits  a  considerably  increased  development,  especially  in  Birds  oi 
powerful  flight,  and  those  which  remain  long  on  the  wing ;  and  we  find  not 
only  a  central  mass,  but  rudiments  of  lateral  portions  or  hemispheres.  Sdll 
the  surfece  of  the  brain  is  unmarked  by  convolutions  ;  and  the  distribution 
of  its  fibres  is  very  simple.  In  this  class,  however,  we  first  meet  with  the 
rudiments  of  the  great  transverse  commissure  (corpus  callosum),  a  band  rf 
fibres  which  unites  the  two  hemispheres  of  tlie  cerebrum. 

721.  The  same  general  course  of  development  may  be  observed  in 
different  orders  of  mammalia.  The  size  of  the  cerebral  hemispl 
increases  in  every  direction,  so  that  they  completely  cover  the  ol&ctive 
optic  ganglia,  which  are  now  comparatively  minute,*  and  often  partlj 
conceal  the  cerebellum,  which  has  also  attained  a  great  increase  in  develop- 
ment, and  is  possessed  of  hemispheres  in  addition  to  its  central  mass. 
The  siuface  of  the  brain  is  now  marked  by  convolutions,  which  increase  iu 
number  and  in  depth,  as  we  ascend  from  the  lowest  to  the  highest  orders; 
being  almost  absent  in  the  Monntremata  and  Sodeatia,  and  but  shallow  ia 
the  Celacea  and  Muminantia,  whilst  they  are  strongly  marked  in  the  Car- 
nivora  and  Quadrumana,  and  moat  of  all  in  Man.    The  internal  arrangement 

■  Theformeria  known  ia  Man  as  the  hulhouB  expansion  of  the  first  pail  of  nerre*,  11*1 
lies  upon  the  cribriform  plate  of  the  lelhnioid  bone.  In  realitj,  however,  the  ii*nm 
commeQce  iVom  thii  ganglion ;  the  trunk  which  connects  it  with  the  brnia  heing  aiuilagaua 
to  the  peduncle  seen  in  the  nutilaginoua  fiahea.  The  optic  ganglia  are  known  in  man  u 
the  corpora  guadrigemina. 


K  of  the  fibres  of  the  hemispheres  also  gradually  becomes  more  complex ;  for. 

.  besides  those  which  ascend  from  the  sensory  columns  to  the  convolutions, 
fwd  the  corresponding  ones  which  descend  to  the  motor  columns,  there  are 
others  which  establish  the  communication  between  the  two  hemispheres, 
and  another  set,  again,  (which  is  the  most  complex  of  all),  that  brings  the 
different  parts  of  the  same  hemisphere  into  connection  with  one  another. 
It  is  in  the  development  of  the  last-named  set  of  fibres,  that  the  hrain  of 
Man  is  ao  superior  to  that  of  alt  other  animals ;  since  there  are  several  in 
which  it  is  larger  relatively  to  the  bulk  of  the  body.  In  this  respect,  again, 
we  may  trace  the  gradual  ascent  in  the  character  of  the  organ  through  the 
different  orders  of  Vertebrata  ;  for  the  brains  of  Rodt^nlia  and  Marmpitdia 
are  nearly  as  destitute  of  these  uniting  tracts  or  commisgurei,  as  are  those 
of  Birds.  The  spinal  cord,  like  al!  other  parts  of  the  nervous  system,  is 
larger  in  proportion  to  the  bulk  of  the  animal,  than  in  other  classes ;  but 
it  is  much  smaUer  in  reference  to  the  brain.  Its  extension  through  the 
vertebral  column,  and  the  degree  of  its  enlargement  where  the  nerves  for 
the  members  are  given  off,  vary,  as  in  other  coses,  with  the  character  and 
development  of  the  different  locomotive  organs. 

722.  Nothing  has  been  yet  said  of  the  development  of  the  Syatpathetie 
or  visceral  system  of  nerves  in  the  Vertebrated  classes.  This  advances, 
however,  pari  passu,  with  the  Cerehro-Spinal,  gradually  becoming  more 
distinct  from  it.  In  many  Fishes,  as  in  the  Invertebrata,  the  two  are  so 
blended  that  it  is  difficult  to  separate  them, — the  visceral  nerves  appearing 
to  be  derived  exclusively  from  the  ccrebro-spinal  system  ;  but,  as  we  ascend 
the  scale,  the  former  is  seen  to  possess  centres  of  its  own ;  and  in  Mam- 
malia it  becomes  a  system  of  great  complexity,  having  two  large  gangha 
(the  semilunar)  in  the  abdomen,  &om  which  filaments  are  distributed  to 
all  the  digestive  organs,  and  a  regular  series  along  the  spine.  It  com- 
municatea  with  each  of  the  spinal  nerves  near  their  roots,  as  well  as  with 
most  of  the  cerebral;  and  tutercbanges  filaments  with  them.  It  fonns 
a  plesus  which  is  minutely  distributed  upon  the  large  vascular  trunks, 
and  which  probably  accompanies  their  ramifications  into  every  part  of  the 
system. 

?23.  A  brief  sketch  will  now  be  given  of  the  embryonic  development  of 
the  nervous  system  in  Birds  and  Mammalia,  for  the  purpose  of  showing 
that  the  some  remarkable  correspondence  exists  in  this,  which  has  been 
demonstrated  in  former  instances  ;  and,  were  fuller  details  here  admissible, 
the  corresfiondeuce  would  he  still  more  evideut.  It  must  he  recollected, 
however,  that,  in  all  comparisons  of  this  kind,  we  are  not  to  look  for 
similaiity  in  extenfal  form  or  size,  but  in  the  grade  of  development,  and 
in  the  relative  condition,  of  different  parts.  The  first  appearance  of  nervous 
matter  in  the  embryo  of  the  chick,  is  a  simple  white  Une,  running  along  the 
primitive  trace  (§  652),  and  thus  evidently  analogous  to  the  filamentous 
cord  in  the  lower  Annehda  and  Entozoa.     At  the  2Ist  hoox  of  vacK&n&<3a.^ 


Itm  tmi  m  warn  tm  he  imMt  (Fig.  fae^mmOm 


xi^  2€S0    Here  wt  pciutifc  tmt 

one  liii^  as  m  fiilm.    The  edfjaetd  eonditioB  of  Ae  Imrb  €■  Ae  14di 
dqr,  wbcn  it  bas  nentyeHomed  its  pnnnmeRt  ftna,  it  diowB  m  ¥%.  909. 
Tlie  eaify  fenurtioii  of  die  imfum  ijiiem  m  Ae  IfaarmMfiB  praUbfy 
MowB  nmdi  die  amie  plan;  Imt  Acre aie oilrfions  dfiiienlties in  Ae ingr 
of  beeonmigmiiinld^aeqpaiiitedwidiit.   At  ¥%.  213  is  diown  Ae  aapeet 
of  die  neiToiia  eentres  in  die  fanman  eeahrjo  at  die  7di  wcA  of  defdi^ 
ment;  at  ¥%.  214,  die  same  at  9wedC8;  and  at  ¥%.  215,  die  same  at 
12weda.    Aldwngh  none  of  dicae  bear  aiy  great  ertranal  lewmlilancff  to 
die  figures  fofnaafy  g^ven,  a  earefid  ciamiiiation  shows  dmt  dirf  msy  be 
fegarded  as  analogoiis  to  die  Ixndns  of  different  tribes  of  Fidies.    Tbe 
fborth  ventride  ($  718)  is  seen  to  be  stOl  open  as  in  many  of  diat  dass. 
At  fig.  216  is  shown  the  bndn  of  a  fcetos  Qil4ar  15  we^s,  wbidi  bean 
a  general  correspondenoe  widi  diat  of  Reptiles ;  the  oerdnal  bemispberes 
being  enUvged,  and  partfy  covering  the  optie  lobes,*  while  die  oerdbdbmi  is 
still  in  a  single  mass,  and  the  fourth  ventricle  scarcely  closed.     Knallj,  at 
Fig.  217  is  given  a  side  view  of  the  brain  of  a  human  embryo  of  27  weeks, 
in  which  the  cerebral  lobes  are  seen  to  have  wrapped  themselves  round  the 
optic  ganglia,  and  the  cerebellum  to  have  gained  lateral  development  as 
well  as  a  furrowed  surface.     Slight  depressions,  indicative  of  commencing 
convolutions,  are  seen  on  the  surface  of  the  cerebrum ;  and,  altogether, 
this  condition  of  the  brain  much  resembles  that  which  is  permanent  in  the 
Rodentia.    The  occurrence  of  monstrosities,  in  which  the  central  organs  of 
the  nervous  system  have  been  deficient,  while  the  nervous  trunks  have  been 
distributed  as  usual,  shows  that  the  formation  of  the  latter  is  quite  inde- 
pendent of  the  former,  just  as  the  formation  of  the  capillaries  is  independent 
of  the  heart  (§  374).    And  Mr.  Newport's  observations  on  the  progressive 
appearance  of  the  nerves  supplying  the  wings  of  Insects,  during  their  meta- 
morphoses, also  lead  to  the  conclusion,  that  the  development  of  the  trunks 
proceeds  from  the  circumference  towards  the  centre. 

724.  To  enter  into  any  detail  on  the  functions  of  the  Nervous  System 
would  be  inconsistent  with  the  plan  of  the  present  work ;  and  all  that  can 
here  be  given,  is  a  very  general  sketch  of  the  different  classes  of  actions  in 
which  it  is  concerned.  It  must  be  recollected  that  most  of  our  knowledge 
on  this  subject  is  derived  from  the  observation  of  its  frmctions  in  Man ; 
and  that  we  are  unable  to  reason,  except  by  analogy,  as  to  the  phenomena 
presented  by  the  lower  «im£ksl'&.     And  so  difficult  is  it  to  arrive  at  any 
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cerfainty  regarding  the  changes  concerned  in  these  phenomena,  that  it  is 
even  now  a  disputed  question,  whether  particular  motions,  which  may  be 
excited  by  stimulating  parts  of  the  surface  in  animals  whose  brain  has  been 
removed,  and  which  at  first  sight  appear  to  indicate  consciousness  and  will, 
are  or  are  not  independent  of  sensation.  We  may  consider  the  functions 
of  the  nervous  system  under  the  following  heads.  1.  Its  reception  of 
external  impressions ;  of  which  those  that  are  communicated  to  the  senso- 
rium  give  rise  to  sensations,  2.  The  origination  in  the  nervous  centres, 
and  the  propagation  along  the  motor  trunks,  of  an  influence  which  stimu- 
lates muscles  to  contraction.  3.  The  operations  of  the  mind,  which  are 
excited  by  sensations,  and  which,  to  produce  any  action  upon  the  cot- 
poreal  system,  must  terminate  in  giving  rise  to  a  motor  impulse.  4.  The 
establishment  of  a  connection  between  the  organic  functions,  by  which 
they  are  brought  into  harmony  with  one  another,  and  are  influenced  by 
certain  mental  conditions. 

725.  The  reception  of  external  *  impressions  is  effected  by  the  nerves 
commonly  termed  sensory  ;  the  ramifications  of  which  are  minutely  distri- 
buted upon  all  parts  of  the  surface  of  the  body :  but,  as  only  a  part  of  their 
fibres  are  concerned  in  the  excitement  of  sensations,  the  term  afferent 
(which  expresses  the  centripetal  direction  of  their  conducting  power)  seems 
preferable.  What  is  the  nature  of  the  change  produced  in  them,  by  which 
the  impression  is  conducted  along  their  cords  to  the  nervous  centres,  we 
can  only  guess  at ;  but  we  know  that  such  a  process  takes  place,  since 
division  of  the  trunk  prevents  an  impression  made  upon  its  extremities 
from  producing  any  effect ;  and  mechanical  irritation  of  the  divided  end 
remaining  connected  with  the  nervous  centres,  may  give  rise  to  an  action 
similar  to  that,  which  would  be  naturally  produced  by  an  impression  made 
on  the  extremities.  The  actions  ordinarily  resulting  from  the  transmission 
of  impressions  to  the  nervous  centres,  are  of  two  kinds ;  either  a  respondent 
motion  will  be  excited  by  them,  without  the  intervention  of  sensation ;  or 
the  mind  will  be  rendered  conscious  of  the  impression,  which  will  thus 
become  a  sensation.  Two  different  localities  may  be  assigned  to  these  two 
fiinctions.  There  is  good  reason  to  beheve  that  the  cephalic  ganglia,  or 
cerebral  hemispheres,  of  Vertebrata,  are  the  exclusive  seat  of  sensibility, — 
no  impression  being  felt  (even  though  it  may  excite  motions)  until  trans- 
mitted to  them ;  and  that  the  same  is  true  of  the  cephalic  ganglia  of  the 
Invertebrata.  We  have  seen  that,  wherever  these  have  a  distinct  existence, 
they  have  an  immediate  connection  with  the  organs  of  special  sensation ; 
and  that  they  also  receive  and  give  out  branches,  which  enter  into  the 
trunks  distributed  through  the  whole  body.  On  the  other  hand,  the  spinal 
cord  of  Vertebrata,   and  the  distinct  gangha  connected  with  the  several 

*  The  term  external  is  here  employed  in  the  usual  metaphysical  sense,  implying  that 
which  does  not  originate  in  the  mind.  The  impression  may  be  produced  by  some  change 
in  the  corporeal  structure  itself,  as  well  as  by  the  phenomena  of  tYve  e^\,etYvaX.  ^cr^^. 
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organs  of  Imrertebrata,  whose  fanctions  we  hare  seen  it  to  eombine  (|  716), 
appear  to  be  subseirient  to  the  first-mentioDed  opeiatioii.  For  with  regard 
to  the  spinal  cord,  it  seems  now  to  hare  been  soffidenthr  proved,  thai 
impressions  propagated  to  it  akme  nur^  excite  le^iondent  motions,  hot  do 
not  produce  sensation;  and,  from  what  has  been'heietofiire  stated  of  the 
separate  ganglionic  centres  of  Insects,  the  same  nu^  be  inferred  of  them. 
Actions  of  this  character  hare  been  denominated  refUx^  to  distingnish  them 
from  those  in  whidi  sensation  is  oonoemed.^  Of  the  natnre  of  the  diai^ 
b J  which  a  sensation  is  prodneed,  or  a  reflex  action  exdted,  we  are  as 
ignorant  as  of  that  concerned  in  the  reception  and  transmission  of  the 
impression  itself. 

726.  The  sensation  of  tact  is  commonly  spoken  of  as  general;  since  the 
capability  of  exciting  it  is  possessed  by  the  whole  snr£M»  in  man,  and  pro- 
bably also  in  all  but  the  yery  lowest  classes.  The  sensations  of  mghty 
hearing y  rnnelly  and  taste,  are  designated  as  speeialf  being  occasioned  only 
by  impressions  made  upon  particular  organs,  which  are  adiqited  to  receive 
them  and  them  anlj/.f  These  organs  we  find  progressiTely  erohred  as  we 
ascend  the  animal  scale  ;  but  though  we  have  reason  to  beliere  that  the 
sensations  to  which  they  respectively  minister,  can  only  be  excited  in  a 
perfect  form  where  they  exist,  there  is  also  reason  to  believe  that  animals 
destitute  of  them  have  a  diffused  sensibiHty  to  the  agents  which  excite 
them, — being,  for  example,  conscious  of  the  influence  of  hght,  although 
not  able  to  see  objects.  This,  then,  may  be  regarded  as  one  of  the 
many  instances,  in  which  a  special  structure  is  elaborated  out  of  one  more 
general. 

727.  The  next  division  of  the  functions  of  the  nervous  system  is  that 
concerned  in  the  production  of  motion.  As  in  the  former  case  a  stimulus 
originating  in  the  circumference  of  the  body  was  propagated  towards  the 
centre,  we  here  find  an  influence  excited  in  the  centre,  either  by  mentel 
action  or  some  other  change,  transmitted  to  the  circumference,  and  this 
operating  on  the  muscles,  by  exciting  them  to  contraction.     It  has  beeu 

*  The  Author  feels  that  it  would  be  unjust  towards  Dr.  M.  Hall,  were  he  not  to  express 
in  this  place  his  high  appreciation  of  the  value  of  that  gentleman's  researches  on  the 
Reflex  Function  of  the  Spinal  Cord ;  the  results  of  which  he  regards  as  worthy  of  a  place 
among  the  most  important  physiological  discoveries  of  any  age.  At  the  period  when  the 
former  Edition  of  this  work  was  published,  he  could  not  regard  the  whole  of  Dr.  Hall's 
positions  as  sufl^cicntly  established,  to  rank  as  ascertained  facts ;  but  he  has  now  felt 
justified  in  introducing  into  the  text  all  those  which  he  deems  of  any  real  importance,  as 
well  as  the  views  of  Mr.  Grainger  on  the  structural  distinctness  of  the  spinal  and  cerebral 
systeniH  of  nervous  fibres.  These  he  has  been  led  to  adopt,  by  his  own  enquiries  on  the 
nervous  system  of  the  In  vertebra  ta,  of  which  an  abstract  is  given  in  the  preceding  portion 
of  tlii.s  Chapter,  wliilst  a  fuller  account  is  contained  in  his  Prize  Thesis  on  that  subjett. 
I'or  a  more  detailed  investigation  of  the  general  subject,  the  British  and  Foreign  3IecIicMl 
Review  for  April  1838,  and  for  January  1840,  may  be  consulted. 

t  I'lie  senses  of  table,  \^owii\tT,  Yuvvy  ^tobably  be  regarded  as  a  refined  kind  of  touch. 
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■     elreadj  stated  ($  68-1)  tli&t  these  orgRns  appear  pcssessed  of  the  property 

I       of  contractility,  which  may  be  called  into  action  by  stimuh  of  various 

kinds ;  and  tliat  nervous  agency  is  one  means  (and,  in  the  living  body,  the 

principal  means,)  by  which  their  contraction  may  be  prodnced.     That  the 

influence  of  the  will  in  causing  muscular  contraction  is  conveyed  by  the 

I  motor  trunks,  ia  at  once  dcmoustrated  by  the  interruption  occasioned  by 
the  division  of  the  nen^e ;  and  meclianical  irritation  of  the  cut  extrenuty  of 
ithe  part  which  supplies  the  muscles,  is  followed  by  their  contraction.  It 
Jias  been  frequently  supposed  that  the  influence  thus  propagated  is  of  an 
electrical  kind,  since  this  agent  is  capable  of  imitating  it ; — muscular  con- 
tractions being  produced  by  a  galvanic  current  transmitted  along  the  motor 
■  nerves.  It  may  be  objected  to  this  doctrine,  however,  that  other  stimuli 
JKsides  galvanism  are  cajiable  of  occasioning  muscular  contraction  when 
j^iphed  to  the  nerves  ;  that  no  unequivocal  manifestation  of  electricity  has 
ever  been  produced  by  nerven  along  which  the  motor  influence  is  being 
powerfully  transmitted  (as  evidenced  by  the  muscular  contractions  it  ex- 
dt«s)  ;  and  that  many  of  the  conditions  of  the  operation  of  the  two  agents 
are  so  dissimilar  that  their  identity  seems  scarcely  admissible.*  The  motor 
influence  may  originate  either  in  the  ganglion  with  which  the  contractile 
part  is  peculiarly  connected ;  or  in  the  cephalic  gangHa.  It  has  been 
seen  that,  in  all  animals  in  winch  anything  like  a  head  exists,  there  is  a 
controlhng  and  regulating  power  centred  in  it ;  the  influence  of  which  is 
transmitted  to  all  parts  of  the  system,  by  nervous  fibres  which  are  distri- 
buted with  those  of  their  own  isolated  ganglia.  Thus,  in  the  Vertebrate, 
t^each  motor  nerve  wdl  liaie  a  spuial  and  a  cerebral  origm ;  and  either  por- 
jtion  may  be  paralysed,  without  the  other  being  necessarily  affected. 
.  728.  The  complexity  ot  the  operations  of  the  mind,  and  the  impossibi- 
lity of  derivmg,  trom  the  study  of  the  lower  animals,  any  assistance  in  their 
aoalo^es  which  can  be  relied  upon,  have  hitherto  been  a  complete  bar  to 
the  successful  mvestigatiou  of  them,  as  a  portion  of  the  functions  of  the 
nervous  system.  It  is  yet  quite  uncertain  how  far  mental  acts  are  depend- 
ent on  or  connected  with  any  changes  in  its  condition ;  and  we  only  know 
that  they  can  neither  be  excited  in  the  first  place,  nor  effect  any  change 
upon  the  material  structure  of  the  body,  except  through  its  intervention. 
All  acts  of  thought  are  either  immediately  or  remotely  dependent  upon 
sensations ;  and,  if  all  their  inlets  were  closed  from  the  first,  the  mind 
would  remain  dormant,  like  the  seed  buried  deep  in  the  earth.  The 
activity  of  the  mind  is  just  as  much  the  consequence  of  external  impres- 
sions, by  which  its  faculties  are  called  into  play,  as  is  the  life  of  the  body 
^the  result  of  the  excitement  of  its  several  vital  properties  by  esterual  sti- 
muli ;  and  just  as  many  animals  are  capable  of  retaining  a  certain  degree 
■aot  only  of  vitahty  hut  of  vital  action,  when  deprived  for  a  time  of  these 
stimuh  (as  in  hybernation),  so  could  the  mind  which  had  once  been  roused, 
*  See  Aliawi'd  Plijaiiilogj,  ;i.  117. 
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retain  its  powers  by  the  recall  of  its  former  sensadons,  Hioii^  debarred 
from  tbe  excitement  of  new  ones. 

729.  Tbe  acts  of  mind  in  wbicb  tbe  intellectual  faculties  are  concerned, 
can  only  produce  an  influence  on  tbe  corporeal  structure,  by  an  exertion  of 
the  mil,  wbicb,  being  propagated  firom  tbe  brain  to  tbe  cerebro-spinal  axis, 
excites  in  it  a  motor  impulse  tbat  is  propagated  to  tbe  mnsdies.  But 
Tarious  mental  operations  are  independent  of  tbe  employment  of  the  intel- 
lect, and  can  produce  an  influence  on  tbe  motor  nerves  by  some  diannd 
distinct  from  tbe  will.  Of  tbis  kind  are  tbe  enuftianal  actions,  wbicb, 
tbougb  aroused  by  sensations,  are  independent  of  tbe  will,  and  are  often 
strongly  opposed  to  it.  It  is  only  when  the  emotions  are  strong  ex- 
cited, bowerer,  tbat  tbe  actions  performed  in  obedience  to  tbem  have  this 
cbaracter ;  if  less  yebement,  or  partially  subdued  by  tbe  will,  tbe  ^uated 
emotion  merely  stimulates  tbe  intellectual  processes  to  tbe  formation  of  a 
desire  (of  wbicb  it  then  becomes  an  element),  and  firom  this  an  act  of 
Tolition  results.  Tbe  distinctness  of  tbe  channels  of  emotional  and  Tofi- 
tional  actions  is  beautiftOly  eyinced  by  tbe  occasional  effects  of  disease; 
for  cases  bave  occurred  in  which  muscles  have  been  entirdy  parafysed 
to  the  influence  of  one,  and  baTc  yet  been  susceptible  of  the  other.  In 
the  well-regulated  mind  of  Man,  in  which  the  passions,  emotions,  and 
propensities,  (which  are  all  conditicms  of  an  anal(^us  natm^,  Taiying 
in  the  degree  in  which  they  are  connected  with  the  operations  of  the 
intellect,  or  with  the  performance  of  the  organic  functions,)  are  kept 
under  due  control,  few  of  the  actions  will  be  of  this  involuntary  nature ; 
but,  in  proportion  as  they  predominate,  whether  in  health  or  disease,  the 
individual  loses  his  freedom  of  will,  and  his  actions  approach  towards  an 
instinctive  character. 

730.  Putting  aside,  then,  the  actions  in  which  intellect  and  volition  are 
concerned,  and  of  whose  nature  we  must  be,  for  the  present,  content  to 
acknowledge  our  ignorance,  we  may  next  enquire  into  the  causes  and 
conditions  of  the  other  movements  which  we  witness  in  the  animal  body, 
and  which — as  we  trace  in  all  of  them  a  direct  respondence  to  an  external 
stimulus,  unmodified  by  the  will  of  the  individual,  and  not  directed  by  him 
towards  a  definite  end, — ^may  be  included  under  the  general  term  instinc- 
tive. These  will  be  seen  to  predominate  greatly  in  the  lower  classes  of 
animals ;  and  to  be,  indeed,  in  many  instances,  almost  the  only  actions 
manifested  by  them  ;  and,  whilst  in  man  they  are  rendered  partly  sub- 
ordinate to  his  powerful  reason,  they  display  themselves  in  full  force 
during  childhood,  or  when  the  mind  is  weakened  by  disease.  But  it  wiD 
be  desirable  to  analyse  these  more  closely. 

731.  In  the  lowest  and  simplest  class  of  excited  movements,  the  ner- 
vous system  would  not  appear  to  be  concerned.  They  result  from  stimuli 
directly  applied  to  the  muscle,  which  immediately  excite  its  contractility; 
and  they  are  evidently  of  the  same  character  with  the  motions  of  Plants. 
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f  this  kind  are  the  motions  of  the  heart,  and  of  the  alimentary  tube 
below  the  stomach,  in  the  higher  Animals ;  and  probably,  as  already 
%  -tiiowa  (§  691),  the  greater  part  of  the  movements  of  the  Hydra  and  other 
,  creatures  of  equal  simpUcity,  in  which  no  connected  nervous  system  can  be 
traced.  They  are  all  immediately  connected  with  the  functions  of  organic 
lift,  {to  suspend  which,  even  for  a  short  time,  would  be  fatal)  ;  and  they 
are  incapable  of  being  controlled,  directed,  or  antagonised  by  the  will. 
Some  of  them  are  influenced,  however,  by  mental  emotions,  &c.,  probably 
through  the  sympathetic  nerve  {§  739). 

?32.  In  the  next  class  of  excited  movements,  the  nervous  system  ap- 
pears to  art  the  part  of  a  conductor  of  stimuli,  from  the  spot  on  which  the 
impression  is  made,  to  the  muscles  which  are  to  be  called  into  action. 
These  require  for  their  performance  the  integrity  of  the  nervoita  circle  ; 
that  is,  of  the  afferent  nerves  which  receive  the  impression,  of  the  portion 
of  the  central  organ  (the  cerebro-spinal  axis)  to  which  it  is  conveyed,  of 
the  portion  from  which  the  motor  tnmk  originates,  and  of  that  trunk 
itself.  We  are  quite  ignorant  of  the  cause,  why  certain  motions  should  be 
always  excited  by  certain  impressions ;  but  it  is  well  to  bear  in  mind  that 
most  frequently  the  afferent  nerves,  which  convey  the  stimulus  to  the 
central  asis,  enter  it  in  pretty  close  proximity  with  the  motor  tnmks, 
through  which  the  movements  are  excited.  In  the  spinal  nerves,  indeed, 
the  two  systems  united  in  the  same  cord  are  often  alone  concerned ;  so 
that  a  single  segment  of  the  spinal  column  !s  all  that  is  wanted  to  com- 
plete the  circle,  and  movements  may  be  excited  in  the  part  of  the  body 
which  it  supphes,  when  all  the  rest  of  the  column  has  been  removed. 
This  is  the  case,  to  even  a  more  striking  degree,  in  the  Articulata ;  for 
each  segment  which  contains  a  ganglion  will,  in  such  a  creature  as  the 
Centipede,  continue  to  execute  regular  movements  for  some  time.  But  it 
may  be  easily  proved  that  no  direct  communication  between  the  sensory 
and  motor  filaments  is  concerned  in  producing  them,  by  destroying  the 
portion  of  the  spinal  cord  with  which  these  are  connected ;  whea  they  will 
uo  longer  be  excited. 

733.  The  movements  of  this  class  may  seem  but  remotely  connected 
with  the  maintenance  of  the  functions  of  oi^nic  life  ;  but  they  are  essen- 
tial to  its  continuance,  in  all  save  the  lowest  Animals.  Those  concerned 
in  Respiration  wdl  afford  an  apposite  illustration.  They  are  excited  by  a 
atimnlus,  originating  in  the  lungs  (being  occasioned  by  the  presence  of 
venous  blood  in  tlie  pulmonary  vessels),  and  conveyed  by  an  afferent 
nerve  (a  portion  of  the  par  vag^tm)  to  the  upper  part  of  the  spinal  cord. 
A  part  of  the  motor  nerves  concerned  in  stimulating  the  respiratory  mus- 
cles Xa  action,  arise  in  the  neighbourhood ;  others  are  given  off  lower 
down ;  but  to  all  is  the  motor  influence  equally  transmitted,  and  this  as 
I  well  without  the  brain  as  with  it.  If  the  circle  be  anywhere  interrupted, 
['however,  the  respiratory  movements  will  cease,  and  thy  aerW-wiw  oK  "iJos. 
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blood  will  be  consequently  checked,  altboogfa  no  mecluuiical  impedbnent 
exist  to  the  entrance  of  air  or  blood  into  the  hmgs.  Many  otiber  aetioDS 
of  the  same  kind  are  constantly  inTolred  in  ministering  to  the  organic 
functions,  although  not  immediately  essential  to  them ;  of  this  kind  is  the 
process  ofswallounng  formerly  described  (§  307).  Others,  again,  are  for 
the  protection  of  the  body  frcfm  injury ;  as  when  the  pupil  contracts,  from 
the  influence  of  light  on  the  retina ;  or  when  a  limb  is  withdrawn  from  t 
flame  suddenly  i4)phed  to  its  sur£u%.  These  morements  are  generally 
capable  of  being,  for  a  time  at  least,  restrained  or  antagonised  by  the 
will  ;  but  they  cannot  be  alt<^;ether  controlled  by  it.  In  the  greater 
number  of  cases,  sensation  is  produced  by  the  impression  which  excites 
them ;  and  hence  it  has  been  supposed  to  be  a  necessary  hnk  in  the 
chain  of  actions.  If  it  be  true,  however,  that  no  impression  can  produce 
sensation,  unless  it  be  propagated  to  the  cerebral  hemispheres  (or  what- 
ever part  corresponds  with  them  in  Invertebrata),  it  is  evident  that 
sensation  cannot  be  necessary  to  the  performance  of  these  actions,  since 
they  will  all  take  place  when  the  brain  has  been  removed.  It  is  obviously 
diificult  to  prove  that  sensations  do  not  exist  in  ^nimalg  on  which  experi- 
ments are  made,  and  whose  movements  would  appear  to  indicate  them ; 
but  the  question  seems  decided  by  the  occurrence  of  cases  of  disease  in 
Man,  in  which  movements  of  limbs,  that  were  quite  insensible  and  palsied 
to  the  will,  have  been  excited  by  stimuh  apptied  to  them ;  and  in  which 
the  pupil  has  been  excited  to  contraction  by  the  stimulus  of  H^t  upon  the 
retina,  of  which  the  mind  was  not  conscious.  This  class  includes  all  the 
movements  that  have  been  termed  sympathetic,  and  a  part  of  those  com- 
monly called  instinctive.  A  very  interesting  example  of  them  is  the  act  of 
sucking  in  the  infant,  which  appears  to  be  directly  excited  by  the  contact 
of  the  nipple  with  the  lips,  without  the  consciousness  of  the  individual 
being  necessarily  involved ;  for  instances  have  occurred  in  which  it  has 
been  energetically  |>erformed  by  infants  bom  without  brain  ;  and  a  similar 
result  has  followed  the  removal  of  the  brain  of  puppies.  A  large  propor- 
tion of  the  movements  of  the  Articulated  tribes,  which  are  so  uniform  as  to 
to  forbid  the  idea  of  judgment  and  will  being  concerned  in  them,  probably 
possess  a  similar  character. 

731.  The  highest  class  of  excited  movements  is  that  in  which  sensations 
do  partake,  although  still  without  the  operation  of  the  judgment  or  will. 
In  these,  the  organs  of  special  sense  are  chiefly  concerned  ;  and  the 
actions  in  question  appear  to  have  a  tendency  to  the  preservation  of  the 
system  and  the  perpetuation  of  the  race.  Of  this  class,  the  involuntary 
movements  directed  towards  the  acquirement  of  food,  the  construction  of 
habitations,  the  balancing  of  the  body,  &c.,  seem  to  be  examples ;  but  few 
of  these  are  involuntary  in  man:  and  the  inference  that  they  are  instinctive 
in  the  lower  animals  principally  rests  upon  the  uniformity  of  their  occur- 
rcnce,  especially  when  contrasted  with  the  variabihty  of  those  which  depend 
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apon  reasoning  processes.  Still  we  find  that,  even  in  Man,  there  are  mniiy 
motions  destined  to  the  proserration  of  the  hody  from  danger,  which  have 
heen  wisely  rendered  independent  of  his  uncertain  and  capricious  will. 
Thu8,  in  one  of  the  cases  formerly  alhided  to  (5  729),  the  eyelids,  which 
could  not  be  moved  by  the  will  of  the  individua],  closed  involuntarily  on 
the  sudden  approach  of  a  hody  towards  the  eye,  or  on  the  apphcation  of  a 
strong  light.  The  instincts  which  minister  to  the  supply  of  the  organic 
fiinctions  are,  in  adult  man,  rendered  subservient  to  volition,  by  which 
they  are  controlled,  and  to  which  they  act  as  a  stimulus.  It  is  easy  to 
perceive  the  final  cause  for  this  change.  If  the  organisation  of  the  human 
system  had  been  adapted  to  perform  all  the  actions  necessary  for  the  con- 
tinued mtuntenance  of  its  existence,  with  the  same  certainty  and  freedom 
irom  a  voluntary  effort  as  we  perceive  where  pure  instinct  is  the  governing 
principle,  and  if  all  his  sensations  had  given  rise  to  intuitive  perceptions, 
instead  of  those  perceptions  being  acquired  by  the  exercise  of  his  mind, — 
it  is  evident  that  external  circumstances  could  have  created  no  stimulus  to 
the  improvement  of  his  intellectual  powers,  and  that  the  strength  of  his 
instinctive  propensities  would  have  diminished  the  freedom  of  his  moral 
agency.  Although,  therefore,  to  all  the  actions  immediatehj  necessary 
for  the  maiutenance  of  his  own  existence,  and  for  the  continuance  of  his 
race,  a  powerfiil  instinct  strongly  impels  him,  these  propensities  could  not 
be  gratified,  if  the  means  were  not  provided  by  the  exercise  of  the  mental 
powers,  which  he  enjoys  in  a  degree  far  exceeding  those  of  any  other 
terrestrial  being.  These  instinctive  propensities  are  eridently  allied  closely, 
in  their  mode  of  operation,  to  the  passions  and  emotions  (§  729). 

735.  A  general  retrospective  view  of  the  ground  over  which  we  have 
cow  passed,  will  lead  us  to  some  interesting  conclusions.  It  has  been 
shown  that  the  movements  occasionally  exhibited  in  the  Vegetable  king- 
dom, do  not  imply  the  existence  in  its  members  of  consciousness  or  of  a 
guiding  will ;  being  merely  dependent  upon  that  property  of  contraetiiity 
opon  the  application  of  a  stimulus,  which  may  he  regarded  as  due  to  the 
peculiar  manner  in  which  the  elements  of  the  contractile  tissues  are  com- 
bined and  arranged.  Hence  Vegetables  may  be  considered  as  peculiarly, 
.though  not  entirely,  constituting  the  Kingdom  of  Organic  Life. 

736.  In  immediate  but  still  obscure  connection  with  the  lowest  of  the 
V^etable  kingdom,  are  the  lowest  of  the  Animal  tribes.  Here  we  see 
indicatious  of  the  same  simple  contractiHty  which  Plants  enjoy,  but  this 
has  a  more  important  relation  to  the  well-being  of  the  individual ;  and,  in 
addition  to  the  movements  thus  produced,  we  vrituess  others  which  appear 
to  he  consequent  upon  sensation,  althongh  none  which  clearly  evince  intel- 
ligence and  design  on  the  part  of  the  Animals  themselves.  Proceeding 
still  further,  we  observe  these  instinctive  movements  becoming  more 
complex  in  ilicir  character,  and  more  refined  and  special  in  their  objects; 
until  we  arrive  at  the  class  of  ihskcts,  which  seem  to  possess  the  bii^t^.*. 
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ODOiiiit  of  instiiictife  or  intoitioiifll  fiicD^  K 

we  compaie  Uieir  hMU  with  tfaose  of  other  dniwcii, — dndnguisfaiii^  Ae 
actkHis  which  are  inrariabty  perfinrmed  by  off  the  individuals  of  one  qpeoes 
under  the  same  circmnstanceay  fircnn  those  which  edubit  a  diffincnee  of 
psychical  character  amongst  tibem, — and  sqiaiating  those  whkh  show  a 
hi^y-iefined  adaptation  of  means  to  ends,  such  as  Animals  ci  the  lower 
dasses  can  scareefy  be  imagined  to  make  for  themadves,  fimn  thoae  wliidi 
give  evidence  of  reasoning  processes  of  a  simple  character, — it  will  scared^ 
be  questioned,  that  Insects  di^lay  the  operation  of  pore  Lufimei  in  a 
d^;ree  to  which  there  is  elsewhere  no  paralM.      But  we  do  not  find 
InieUigenee  by  ai^  means  increasing  in  the  same  ratio.    On  the  contrary, 
it  remains  yery  low ;  and  its  power  of  modifying  the  dictates  oilntimety 
when  these  happen  (firom  particular  causes)  to  be  erroneous,  is  yeiy  sli^t. 
If  we  further  enquire  in  what  order  of  Insects  this  power  is  most  strikingly 
manifested,  we  shall  have  little  hesitation  in  fixing  upon  the  Hymemopiera; 
— ^the  group  which  includes  die  Bee,  Ant,  and  most  other  sodal  Insects. 
Now  it  is  not  aHtde  remarkable,  that  Insects  should,  of  all  dasses  of  Animals, 
be  most  distinguished  for  loeomotwe  power  (as  compared  with  thdr  size) ; 
and  that,  of  all  Insects,  the  Hymenoptera  possess  this  power  in  the  hi^best 
degree.   It  is  evident  that  the  higher  kinds  of  instinctive  actions,  induding 
the  peculiar  endowments  of  t^  nervous  and  muscular  ^jrstems  just  referred 
to,  have  for  their  object  the  maintenance  of  amnud  life,  as  distinguished  on 
the  one  hand  from  the  mere  organic  life  of  Vegetables,  and  firom  the  mental 
or  psychical  life  of  higher  beings,  on  the  other.      Hence  we  should  regard 
Insects,  and  especially  the  Hymenoptera,  as  typical  of  the  Kingdom  of 
Animal  Life.     In  this,  we  find  the  movements,  which  are  produced  by  the 
direct  contractility  of  the  tissues  stimulated,  bearing  a  smaller  and  still 
smaller  proportion  to  the  whole ;  and  at  last  restricted  merely  to  the  parts 
immediately  concerned  in  the  maintenance  of  the  organic  functions,  with 
which  they  always  remain  associated  (§  731). 

737.  Ascending  from  the  Articulata  through  the  Vertebrated  series,  we 
observe  a  gradually-increasing  development  of  the  reasoning  powers  or 
intelligence ;  and  a  gradual  fading  away  of  the  instincts,  which  become 
subordinate  to  the  higher  psychical  faculties.  A  comparison  between  the 
habits  of  Birds  and  those  of  Insects  will  put  this  in  a  striking  light.  It  has 
been  shown  that  several  points  of  correspondence  exist  between  these  two 
classes,  indicating  that  they  hold  a  corresponding  rank  in  their  two  sub- 
kingdoms.  But  whilst  all  the  actions  of  Insects  appear  to  be  under  the 
guidance  of  pure  unvarying  instinct,  those  of  Birds,  whilst  evidently 
prompted  by  the  same  impulse,  are  yet  capable  of  great  modification  in 
each  individual  (according  to  the  peculiar  circumstances  in  which  it  may 
happen  to  be  placed)  by  the  influence  of  its  reasoning  faculties.  Ascending 
to  Man,  we  find  the  pure  instincts  so  completely  subordinated  to  the  higher 
psychical  faculties,   that  it  is  only  when  these  are  yet  dormant,  as  in 
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incy,  or  undeveloped,  as  in  complete  idiocy,  that  tlieir  uncontrolled 

j^eratiou  is  witnessed.     Hence  we  sliould  be  led  to  regard  his  place  in  the 

oiniBl  Kingdom  as  being  not  at  its  head  or  iu  its  centre,  but  at  the  extreme 

t  remote  finm  its  point  of  contact  with  the  kingdom  of  Organic  life, — 

1  fact,  at  the  point  at  which  we  may  believe  it  to  touch  another  Kingdom, 

liat  of  pure  Intelligenee.     Such  a  view  tends  to  show  the  true  nobility  of 

i  rational  and  moral  nature ;  and  the  mode  in  wliieh  he  may  most 

nefiectnally  fulfil  the  ends  for  which  his  Creator  designed  him.     He  may 

n  from  it  the  evil  of  yielding  to  those  merely  animal  tendencies, — those 

f  fleshly  lusts  which  war  against  the  soul,"— that  are  characteristic  of 

o  far  helow  him  in  the  scale  of  existence  ;  and  the  dignity  of  those 

pursuits,  which  exercise  the  intellect,  and  wliich  expand  and  strengthen 

those  lofty  moral  feelings,  which  he  aloue  of  terrestrial  beings  is  capable  of 

entertaining. 

738.  In  tracing  the  progressive  comphcation  of  the  psychical  manifesta- 
tions, during  the  early  life  of  the  human  being,  a  remarkable  correspond- 
ence may  be  obaened  with  that  gradual  increase  in  mental  endowments 
vhich  is  to  be  remarked  in  ascending  the  Animal  scale.  The  first  actions 
if  an  infant  are  evidently  of  a  purely  instinctive  character,  and  are  di- 
fected  solely  to  the  supply  of  its  physical  wants  ;  they  are  thus  analogous 
D  those  of  the  lowest  animals  possessed  of  a  nervous  system,  which  are 
mtirely  goTemed  by  instinct.  The  new  sensations  which  are  constantly 
King  excited  by  surrounding  objects,  call  into  exercise  the  dormant 
powers  of  mind ;  perceptions  are  formed,  and  notions  thus  acquired  of 
Aie  character  and  position  of  external  objects ;  and  the  simple  processes 
irf  association,  with  its  concomitant — memory,  are  actively  engaged  during 
lihe  first  months  of  on  uifaut's  life.  At  the  same  time  an  attachment  to 
persons  and  places  begins  to  manifest  itself.  All  these  are  the  character- 
iatics  of  the  great  majurity  of  the  lower  Vertehrata,  as  far,  at  least,  as  our 
knowledge  of  their  springs  of  action  enables  us  to  form  a  judgment.     As 

e  infant  advances  in  age,  the  powers  of  observation  are  strengthened ; 
Ac  perceptions  become  more  complete  ;  those  powers  of  reflection  are 
palled  out  wliich  prompt  him  to  reason  upon  the  causes  of  what  he  oh- 
serves,  and  to  perform  actions  resulting  from  more  compUcated  mental 
[irocesses  than  those  which  guide  the  infant ;  and,  at  the  same  time,  we 
iebserve  the  development  of  the  moral  feelings,  which  are  at  first  manifested 

'^  towards  beings  who  are  the  objects  of  sense.  Among  the  more  saga- 
a  quadrupeds,  it  is  easy  to  discover  mstances  of  reasoning  as  close  and 

rolonged  as  that  which  usually  takes  place  in  early  childhood  \  and  the 
tattachment  of  the  dog  to  man  is  evidently  influenced  by  moral  feelings,  of 
■  which  the  latter  is  the  object.  "Man,"  it  was  expressively  said  by  Burns, 
"  is  the  God  of  the  Dog."  Up  to  this  point,  then,  we  observe  nothing 
pecidiar  in  the  character  of  man  ;  and  it  is  only  when  his  higher  intellec- 
tual and  moral  endowaieuts  begin  lo  uianifest  themselves,  especiallY  thaae 
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relating  to  an  mYisible  Being,  that  we  can  pmnt  to  any  obvious  distinction 
between  the  immortal  yh^xn  of  man,  and  the  transitory  wpevfjia  of  the 
brates  that  perish.  May  we  not  regard  these  as  here  existing  but  as  1^ 
germs  or  rudiments  of  those  higher  and  more  exalted  faculties,  which  the 
^  human  mind  shaU  possess,  when,  purified  from  the  dross  of  earthly  pas- 
sions, and  enlai^ed  into  the  comprehension  of  the  whole  scheme  of  Creation, 
the  soul  of  nuin  shall  reflect,  without  shade  or  diminution,  the  lull  efful- 
gence of  the  Love  and  Power  of  its  Maker  ? 

73d.  One  more  function  of  the  nervous  system  still  remains  to  be  con- 
sidered ;  namely,  its  influence  on  the  organic  processes.  This  has  already 
been  generally  pointed  out  (§  264,  434).  Although  there  is  not  auffident 
evidence  to  warrant  the  belief,  that  either  the  processes  of  nutrition  and 
secretion,  or  the  motions  of  the  heart  and  alimentary  canal,  are  dependeni 
upon  the  nervous  system,  there  is  no  doubt  that  they  are  greatly  influoooed 
through  its  medium  by  conditions  of  the  body  or  mind ;  and  the  sympathetic 
or  asymmetrical  system,  whose  branches  accompany  the  blood-vessds 
throughout  the  whole  body,  besides  being  abundantiy  distributed  to  the 
heart  and  abdominal  viscera,  seems  to  be  the  chaamel  of  their  operation. 
All  the  sympathies  between  the  actions  of  the  oi^;ans  concerned  in  the 
Vital  functions  are  probably  effected  through  its  medium.  Of  this  kind 
are  the  acceleration  of  the  heart's  action,  when  a  local  inflammation  oeenn 
in  a  distant  part,  the  secretion  of  milk  about  the  time  of  parturition,  and 
the  formation  of  other  secretions  for  the  protection  of  exposed  surfaces.* 
Whatever  be  the  precise  nature  of  the  actions  of  these  nerves,  it  is  quite 
certain  that  they  are  not,  in  their  natural  state,  subservient  to  sensation, 
except  by  the  sensory  filaments  of  the  cerebro-spinal  system  w^ich  are 
bound  up  with  them,  and  that  the  very  slight  motions  which  the  muscles 
they  supply  may  be  sometimes  excited  to  perform  by  irritating  them,  may 
be  fairly  attributed  to  the  motor  filaments  they  receive  from  the  same 
source.  The  latter  seem,  however,  to  receive  an  influence  from  certain 
involuntary  states  of  mind,  particularly  those  of  an  emotional  character,  by 
which  the  organic  functions  are  modified  (§  434) . 

*  It  is  remarkable  that  palsy  of  the  cerebro-spinal  nerves  supplying  some  parts  should 
check  the  protective  secretion,  and  thus  occasion  inflammation.  This  is  the  case  not 
only  in  the  eye,  of  which  the  outer  membrane  is,  in  the  healthy  state,  acutely  sensible 
to  any  unusual  stimulus,  but  in  the  bladder,  of  which  the  lining  membrane  does  not  seem 
sensible  unless  diseased.  It  must  be  supposed  to  be  by  an  influence  communicated 
through  these  to  the  sympathetic,  that  the  secretion  is  stimulated  in  the  natural  state ; 
and  it  may  perhaps  be  transmitted  through  those  filaments  derived  from  the  sympathetic, 
which  every  cerebro-spinal  nerve  contains ;  whilst  the  acute  sensibility  of  some  ports 
when  diseased,  to  which  none  but  sympathetic  nerves  are  distributed,  may  be  accounted 
for  by  the  presence  of  cerebro-spinal  filaments  in  them  (Miiller's  Physiology,  pp.  66S-672). 
The  fifth  pair  of  cerebral  nerves,  which  sends  large  branches  to  the  lachrymal  and  sali- 
vary glands,  and  which  has  obviously  a  great  influence  on  their  secretion,  contains  to 
many  organic  filaments,  as  to  have  received  the  name  of  a  minor  iympatheticj — appear- 
ing  in  some  degree  to  replace  the  great  sympathetic  in  the  head. 
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CHAPTER  XVII. 

ON   THE    EVIDENCES    OF    DESIGN    PRESENTED    BY   THE    STRUCTURE    OF 

ORGANISED    BEINGS. 

740.  If  little  has  been  expressly  said  upon  this  subject  in  the  fore- 
going pages,  it  is  because  it  has  been  thought  that,  when  the  perfect 
adaptation  that  exists  between  all  the  minute  details  of  each  member  of 
the  animated  world,  and  the  harmony  of  the  parts  they  have  to  perform 
in  the  grand  system  of  the  Universe,  were  being  explained  and  demon- 
strated, it  might  be  safely  left  to  the  mind  of  the  reader  to  draw  those 
inferences,  which  it  is  perhaps  impossible  for  any  soundly-judging  person 
to  avoid  making,  who  is  unwarped  by  the  pride  of  human  reason,  or  by 
that  tendency  to  practical  disregard  of  them,  which,  in  so  many  instances, 
is  mistaken  by  the  individual  himself  for  a  vaUd  argument  on  the  side  of 
disbeUef.  When  we  consider  the  universaUty  of  this  adaptation,  so  con- 
stant that  it  cannot  be  the  eflFect  of  chance, — the  beautiful  harmony  of  the 
details,  uninterrupted  by  the  slightest  discordance, — ^and  the  consummate 
perfectionof  the  whole,  so  complete  as  to  forbid  the  idea  of  a  Hmited  power, 
— it  seems  scarcely  possible  to  arrive  at  any  other  rational  conclusion,  than 
that  the  Universe,  with  all  that  it  contains,  is  the  work  of  One  Almighty 
and  Benevolent  Creator. 

741.  Much  has  been  said  and  written  on  the  study  oi  final  caiLses — or 
the  examination  of  the  particular  uses  of  each  organ,  and  its  adaptation  to 
the  objects  of  the  system  of  which  it  forms  a  part, — as  the  pecuhar  object 
of  the  Science  of  Physiology.  No  doubt  can  be  entertained  that,  when 
the  beUef  in  Universal  Design  is  once  estabHshed,  its  pursuit  into  parti- 
cular instances  may  often  lead  to  enquiries  which  would  otherwise  have 
been  neglected,  and  may  put  us  on  the  right  track  in  the  conduct  of  those 
enquiries.  Thus,  Harvey  states  himself  to  have  been  excited  to  his 
researches  on  the  movement  of  the  blood,  which  terminated  in  the  splen- 
did discovery  of  its  double  circulation,  by  the  contemplation  of  the  valves 
in  the  veins  ;  and  Sir  C.  Bell  was  led  to  his  discoveries  on  the  functions  of 
different  portions  of  the  nervous  system,  by  a  feeling  of  curiosity  as  to  the 
object  of  the  double  roots  of  the  spinal  nerves.  But  we  are  not  to  rest 
satisfied  with  the  obvious  purpose  of  a  particular  structure,  as  affording  us 
the  supposed  reason  for  which  it  was  created.  As  well  might  we  think  it 
(to  take  Bacon's  examples)  a  sufficient  account  of  the  clouds  that  they  are 
for  watering  the  earth,  or  "that  the  soHdness  of  the  earth  is  for  the  station 
and  mansion  of  Uving  creatures."  "  The  physical  philosopher,"  says  Mr. 
Whewell,*  "has  it  for  his  business  to  trace  clouds  to  the  laws  of  evapora- 

*  Bridgwater  Treatise,  p.  353. 
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tion  and  condensalioii ;  and  to  detenmne  the  magnitude  and  mode  of  action 
of  the  forces  of  cohesion  and  crystallisation,  by  which  the  materials  of  the 
earth  are  made  solid  and  firm.  This  he  does,  making  no  use  of  the  iiotion 
of  final  causes ;  and  it  ispreeisehf  became  he  has  thus  establUhed  theories 
independently  of  any  aemmptian  of  an  end,  that  the  end,  when  tffUr  fdl  it 
returns  upon  him  and  cannot  be  evaded,  becomes  an  irresistible  evidence  of 
an  intelligent  Legislator'' 

742.  The  philosophic  Physiologist,  who  is  not  deterred  by  the  damour 
of  bigotry  and  prejudice,  will  follow  precisely  the  sain$  course.  The  adi^ 
tation  whidi  he  discovers  in  particular  instances  may  well  serve  both  to 
awaken  his  curiosity,  and  to  lead  him  to  suspect  a  pr^xisting  Design. 
But  he  will  obtain  a  much  more  elevated  view  of  the  nature  of  CreatiTe 
Power,  if  he  carry  his  enquiries  farther.  He  must  disregard  for  a  time, 
as  in  physical  philosophy,  the  immediate  purposee  of  the  adaptations 
which  he  witnesses ;  and  must  consider  these  adaptations  as  themselTes 
but  the  results  or  ends  of  the  general  laws  for  which  he  should  search. 
The  observation  of  the  facts  upon  which  he  establishes  these  laws  may 
have  been  si^gested,  and  the  phenomena  themselves  brought  to  lig^t,  Ij 
the  perception  of  this  harmony  and  adaptation  in  individnal  cases ;  hot 
instances  in  whidi  it  is  apparently  deficient  may  be  as  valuable  to  him, 
when  considered  in  this  point  of  view.  What,  for  example,  would  have 
been  the  present  state  of  the  science  of  V^table  Morphology,  whidi 
explains  the  metamorphoses  of  the  organs  composing  the  flower  (§  80),  if 
the  philosophic  Botanist  had  adopted  the  final  cause  or  Amotion  of  the 
different  parts  as  his  guide  in  investigating  the  laws  of  their  structure, 
instead  of  tracing  that  structure  through  all  its  regular  and  irregular 
forms  with  a  total  disregard  of  their  function  ?  In  considering  the  laws 
of  the  Organised  world,  we  have  abundant  opportunities  of  observing  how 
diversified,  both  in  their  forms  and  uses,  are  the  various  types  which  the 
same  rudiments  may  present;  and  that,  even  when  undeveloped,  such 
rudiments  appear  as  the  necessary  result  of  these  laws,  and  assist  man  in 
the  attainment  and  comprehension  of  them.  It  is  evident,  then,  that  we 
are  not  to  judge  of  the  value  of  facts  in  Physiology  by  their  immediate 
and  obvious  bearing  upon  the  phenomena  of  Vital  Action ;  for  those 
which  would  seem  to  be  of  the  most  trifling  consequence,  if  viewed  in 
this  light  only,  are  oflten  found,  when  properly  applied,  to  possess  an 
unexpected  and  momentous  import.  They  are  Uke  the  marks  in  the 
forest  by  which  the  American  Indian  at  once  detects  the  passage  of 
friends  or  foes.  A  broken  twig,  a  torn  leaf,  a  flattened  blade  of  grass, 
are  signs  which  an  ordinary  traveller  would  pass  without  observation; 
but,  to  the  practised  eye  of  the  denizen  of  the  woods,  they  are  alike 
certain  and  expressive.  In  proportion  to  our  attainment  of  the  generali- 
sations to  which  we  are  thus  led,  we  acquire  fresh  proofs  of  the  Omnipo- 
tence of  Creative  skill.     For,  at  every  successive  step,  are  we  able  to 
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mprehend  new  relations  between  facts  tliat  previously  seemed  confused 
inid  insulated,  new  objects  for  what  at  first  seemed  destitute  of  utility ; 
md  in  the  same  proportion  will  the  coutemplative  spirit  be  led  to  appre- 
e  the  vastness  of  that  Designing  Mind,  which,  in  originally  ordaining 
ike  laws  of  the  animated  world,  could  produce  such  harmony  und  adapta- 
ioD  amongst  their  inuumcrahlc  results.  To  use  another  very  forcible 
Kpression  of  Mr.  Whewell's  (which  he  apphcs,  however,  only  to  physical 
idence,  regarding  Physiology  as  excluded  from  it,)  "  the  notion  of  design 
md  end  is  transferred  Ly  the  researches  of  science,  not  from  the  domain 
rf  our  knowledge  to  tliat  of  our  ignorance,  but  merely  from  the  region  of 
^s  to  that  of  laws." 

743.  To  avoid  all  chance  of  being  misunderstood  in  these  views,  it 
nay  not  be  useless  to  adduce,  in  iUustration  of  them,  one  of  the  most 
ibvious  and  simple  adaptations  everywhere  presented  in  the  structure  of 
Vnimals.^that  of  the  muscles  to  the  skeleton.  We  constantly  find  in 
mrsiiing  our  anatomical  cmiuiries,  that,  for  the  advantageous  attachment 
if  muscles  to  bones,  some  particular  form  of  the  latter  is  provided ;  and 
hat,  where  much  power  or  a  particular  direction  is  required,  a  consider- 
ible  prominence  is  given  to  the  point  of  attachment.  The  Teleobgist 
(who  rests  satisfied  with  the  evident  object  of  this  adajitatiou  as  a  sufficient 
retuoH  for  its  occurrence)  would  say  with  truth,  that  each  of  the  bony  pro- 
ssses  was  intended  for  the  attachment  of  a  muscle  ;  aud  he  might  safely 
ist  upon  this  intention,  as  a  ground  for  inferring  the  form  and  direction 
f  certain  muscles  of  extinct  animals,  from  the  prominences  which  are 
(bund  upon  their  fossilised  bones.  He  might  go  further,  and  maintain 
hat  the  formation  of  this  prominence  is  occasioned  by  the  existence  of 
he  muscle  ;  and  might  allege,  in  support  of  his  view,  tlie  well-known 
let,  that  the  osseous  points  of  attachment  are  strongly  developed  in  those 
s  who  have  much  exercised  their  muscular  system.  On  the  other 
md,  the  Philosophic  Anatomist,  fully  acknowledging  the  adaptation 
between  the  osseous  and  muscular  systems,  would  disregard  it  for  the 
,  whilst  seeking  for  the  laws  regulating  the  development  of  these 
Bystems  ;  which  laws  he  would  aim  to  deduce  from  the  observation  of  all 
llbe  forms  of  each,  both  normal  and  abnormal,  imperfect  and  complete. 
I,  he  would  find  that  almost  every  one  of  the  important  processes  in 
Qie  human  skeleton  exists  as  a  separate  bone  in  some  of  the  inferior 
mimals ;  and  that  the  complicated  muscular  system  of  man  gradually 
Amplifies  itself,  in  proportion  as  the  skeleton  exhibits  more  repetition  of 
imilar  parts,  and  is,  in  consequence,  adapted  to  a  less  diversity  of  actions. 
Supposing,  then,  that  the  physiologist  has  succeeded  in  estabUshing  such 
ftws  independently  of  any  assumption  of  an  end,  "  that  end,  when  after 
ill  it  returns  upon  him,  becomes  an  irresistible  evidence  of  an  inteUigent 
Legislator."  For  it  may  be  safely  left  to  the  judgment  of  any  candid  and 
ireflecting  person,  whether  it  does  not  imply  a  far  higher  degree  of  ('ceatvvti 


M2  WWtVEMCM  &9  vttfunt* 

Wkiom  Md  Vcmer  i0  wappate  ikmif  in  Ae  cfliUMnMBlef  AtlMiaf 
OUaologr  gad  Mfoiogf  *  (Aemt^ei  pnMMjr  wabeftHmU  to  ttMie  U|^ 
i;niM»fiiitioii),  dl  the  mnlto  of  €m)i  wtn  tantem  tmd  humatimd,  m 
Am  eferj  wmdtf  derdopcd  in  Momkmee  wiA  the  kiiv  of  l£r  ffrtm, 

of  the  kwf  of  iU  ijtton^— Asa  to  iuMgine  Aat  the  fcmu^on  «nd  ndqpte' 
tion  ot  tMai  §iptunU€  nwictey  Mid  of  ftdi  nMUfidnil  pnooMi^  ntfund  i 
diftinet  effint  of  erMtiTe  d^« 

744,  It  hao  Wen  one  ofejeet  of  tiie  ftregi^  f§fB§  to  Atom  Anl  mW 
propertiei  are  ae  efientuOf  oonneeted  wiili  eertob  ftnw  of  nMlte;  ii 
•re  thoie  nfiMlljr  denomtnated  phytieal  wiili  matter  nnder  ili  moie  mm- 
mem  Mpecta,  One  more  qoeetion  fet  renuiine,  b  it  poMiUe  Unit  Ae 
plijrrieal  and  fital  propertief  et  matter,  wfaidi  are  at  preient  onr  idfinMie 
ftetf  cii  aaoomf ,  tntsf  be  indnded  witiiin  a  mote  general  cjipwiaiun  eoa^ 
mon  to  botbf  On  tliia  0nli|eet  we  can  onfy  apeeolate;  but  the  pRK 
babtli^  i^ppean  deddedtf  in  ^  affirmatire,  Itbaaabeadjbeenfemarbi 
tbat  tbe  nqpid  progreii  ct  generaUfafion  in  tbe  pl^neal  wdmotii  renden 
it  probable  tbat,  ere  long,  a  nmple  fbmnda  a  ball  oomprebend  dl  tbe  pbe^ 
nomena  ol  tbe  inorganic  world  (4  175) ;  and  it  if  not,  perhqw,  too  modb 
to  bope  ibr  a  correaponding  rimpliicatlon  in  tbe  lawa  ct  tbe  orgunied 
ereatim,  although  ita  progrete  if  neoeiiarity  retarded  bf  tbe  nMi^  <4Mta^ 
wbieb  tbe  nature  ol  tbe  eulijeet  preaenta  to  tbe  pbiloaopbie  enquirer. 
Vjverj  itep  which  we  take  in  the  progrean  ot  gencraliaadon,  increases  onr 
luimiratimi  of  the  beauty  of  the  adaptation,  and  the  hannony  ot  the  action, 
of  the  laws  we  discover ;  and  it  is  in  this  }>eauty  and  Itarmony  that  the 
contempUtive  mind  delights  to  recognise  the  wisdom  and  beneficence  of 
the  Divine  Author  of  the  Universe.  This,  in  fact,  is  one  at  the  higheut 
results  to  which  the  exercise  of  our  intellectual  faculties  should  lead  ;  and 
we  cannot  but  believe,  that  the  Creator,  in  endowing  us  with  these  fanil- 
ties,  intended  that  they  should  conduct  us  nearer  to  the  conception  of  Hi« 
Infinite  mind.  But,  at  the  same  time,  the  vastness  of  the  prospect  thus 
discios<?d,  can  scarcely  fail  to  impress  us  with  the  most  humbling  conscious- 
ness of  our  own  insignificance, 

745.  If,  then,  we  can  conceive  that  the  same  Almighty  fiat  which 
created  matter  out  of  nothing,  impressed  upon  ii  one  simple  law,  which 
should  regulate*  the  association  of  its  masses  into  systems  of  almost 
illimitable  extent,  controlling  their  movements,  fixing  the  times  of  the 
commencement  and  cessation  of  each  world,  and  balancing  against  each 
other  tbe  perturbing  infiiiences  to  which  its  own  actions  give  rise, — should 
be  tbe  cau«e,  not  only  of  the  general  uniformity,  but  of  the  particular 
variety  of  their  conditions,  governing  the  changes  in  the  form  and  struc- 
ture of  each  individual  globe,  protracted  through  an  existence  of  countless 
centuries,  and  adjuating  the  alternation  of  ''seasons  and  times,  and  months 

*  The  depurtmenU  of  VV\yiilo\o%v  TQUkUng  to  tho  Bones  and  Muiclef. 
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and  years," — should  people  all  these  worlds  with  Hving  hemgs  of  endless 
diversity  of  nature,  providing  for  their  support,  their  happiness,  their 
mutual  reliance,  ordaining  their  constant  decay  and  succession,  not  merely 
as  individuals  but  as  races,  and  adapting  them  in  every  minute  particular 
to  the  conditions  of  their  dwelling, — and  should  harmonise  and  blend 
together  all  the  innumerable  multitude  of  these  actions,  making  their 
very  perturbations  sources  of  new  powers  ; — when  our  knowledge  is 
sufficiently  advanced  to  comprehend  these  things,  then  shall  we  be  led 
to  a  far  higher  and  nobler  conception  of  the  Divine  Mind  than  we  have 
at  present  the  means  of  forming.  But,  even  then,  how  infinitely  short 
of  the  reahty  will  be  any  view  that  our  Hmited  comprehension  can  attain, 
seeing,  as  we  ever  must  in  this  life,  "  as  through  a  glass,  darkly  ;" — ^how 
much  will  remain  to  be  revealed  to  us  in  that  glorious  ftiture,  when  the 
Light  of  Truth  shall  burst  upon  us  in  unclouded  lustre,  but  when  our 
mortal  vision  shall  be  purified  and  strengthened  so  as  to  sustain  its 
dazzling  brilliancy  ! 
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N.B.  The  numbers  refer  to  the  paragraphs.     Where  an  asterisk  is  affixed  to  any  reference,  it 
indicates  the  place  in  which  the  stibjeet  is  particularly  explained^ 


A. 


Absorbents,  306,  384 

Absorbent  system,  evolution  of,  in  Ani- 
mals, 324 ;  in  Plants,  299 

Absorption,  of  aliment,  198,  265*,  287- 
289;  interstitial,  19,  267*,  274,  384, 
391, 392 ;  from  surface,  297,  298,  323, 
389,  390 ;  by  veins,  390,  392 

AcALEPH^,  56, 144*,  157  ;  circulation  in, 
340 ;  digestion  in,  31 3  ;  embryonic  de- 
velopment in,  620  ;  nervous  system  in, 
694 ;  phosphorescence  in,  543 ;  repro- 
duction in,  618  ;  respiration  in,  456 

Acari,  118*,  122,  466 

Acepbalocyst,  129*,  591 

Acephalous  MoUusca,  138 

Acid  secretions  of  Plants,  519 

ACROGENS,  85, 102 

Actinia,  151*,  157,  311,  617,  618,  619, 
693 

Actinif&rm  PolypeSt  151, 170 

Actions,  Vital,  3,  180, 186-190 

,  Physical,  in  living  beings,  196- 

202 

Adductor  muscle,  138, 697 

Adipose  tissue,  38,  525 

Aeration  of  nutrient  fluid,  254,  436*,  437, 
453,  454 

Afferent  nerves,  688 

Affinities,  chemical,  18, 19,  200-2,  510 

,  vital,  19,  200,  201 

Agardh,  referred  to,  159, 160,  594 

Agaric,  92,  93 

Aggregation  of  organised  structures,  16 

Air,  changes  in,  by  respiration,  486 

Air-bladder  of  Fishes.  473.  474 

Air-sacs  of  Birds,  479  ;  of  Insects,  33, 463 

Albumen,  46,  55,  57,  58,  413,  414*,  419 

,  of  seeds,  76*,  402,  414,  600 

Alburnum,  30,  77*.  329,  330 


Alcyonian  Polypes,  154*,  155,  157, 311 

Alcyonium,  154,  617 

Algje,  91,  100*,  159, 167;  absorption  in. 

290  ;  circulation  in,  327 ;  reproduction 

in,  593-5 ;  spontaneous  movements  in, 

594;  spores  of,  261,  594 
Alkaline  secretions  of  Plants,  519 
Allantois,  658*,  660,  661 
Aliment,  sources  of  demand  for,  273-5 
Ambulacra,  142 

Ammonia,  absorption  of,  by  Plants,  277 
Amnion,  654 
Ammonites,  133 
Amphibia,  see  Batrachia 
Amphiuma,  476 

Analysis  of  phenomena,  4,  5,  253,  254 
Analogies,  how  to  be  recognized,  230-241 
Anguis  fragilis,  112 
Animals,  distinguished  from  Plants,  159, 

260-3,  281,  691 ;  dependent  on  Plants, 

278 
Animal  kingdom,  classification  of,  103-5, 

157, 158, 163 
Animal  life,  kingdom  of,  736 
Annelida,  124 ;   circulation  in,  345-350 ; 

digestion  in,  316;  nervous  system  in, 

706,   707;    phosphorescence  in,  544; 

reproduction  in,   623  ;  respiration  in, 

459 
Annual  Plants,  672 
Annular  duct,  32 
Annulosa,  see  Articulata 
Antennae,  121*,  462 
Anthers,  81*,  598,  599 
Aorta,  352,  361*,  367,  378,  380, 383 
Aphides,  626 
Aphrodita,  707 
Aplysia,  360  n,  700 
Apple,  cuticle  of,  495 
Apteryx,  479 
Aquatic  Insects,  rea^itatioiSL  <^C«  4&4t 
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The  Numbers  refer  to  the  Paragraphs. 


Arachnid  A,  118;  circulation  in,  354; 
digestion  in,  317 ;  embryonic  develop- 
ment of,  631 ;  nervous  system  in,  713 ; 
reproduction  in,  630  ;  respiration  in, 
466 

Arachnoid  membranei  718 

Archidae,  357 

Area,  transparent,  651,  652 

,  vascular,  374,  655 

Arenicola,  348 

Argonauta,  132 

Arrest  of  development,  247, 382 

Arteries,  337 

Articular  cartilages,  58 

Artici/lata,  106*,107,157,158,162,  163; 
circulation  in,  343  ;  digestion  in,  315  ; 
embryonic  development  in,  616,  631, 
632  ;  nervous  system  in,  703,  704 ; 
respiration  in,  459;  secretion  in,  528, 
530,  535  ;  symmetry  in,  171 

Artificial  classification,  74,  104 

Arum,  79,  448,  551 

Ascaris,  127,  621 

Asci  (spore- tubes),  91,  92,  596 

Ascidia,  140»,  357 

Ascidiform  Polypes,  152 

Asphyxia  (suffocation),  187  n,  198,  254  n, 
371,467,  567 

Assimilation,  273,  395 

Associated  Mollusca,  140,  357 

Polypes,  150-4 

Astacus  fluviatilis,  401,  468 

Asterias,  142*,  143,  170,  314,  341,  618, 
694 

Asteroida,  154,  619 

Atrophy  of  tissues,  72,  391,  392 

Attractions,  vital,  369  n. 

Auricle,  356*,  375,  379 

Azote,  see  Nitrogen 

B. 

Balancing  of  Organs,  laws  of,  109,  249 

Balanus,  125*,  624 

Balsaroina  impatiens,  683 

Barnacle,  125*,  624,  706 

Barry,  Dr.  M.,  referred  to  409,  430,  431, 
432,  547  n,  610-4 

Batrachia,  112;  circulation  in,  364,365; 
digestion  in,  320;  embryonic  develop- 
ment in,  660',  exhalation  in,  504;  nerv- 
ous system  in,  719  ;  rejjroduction  in, 
643  ;  respiration  in,  475,  476,  489,  492  ; 
secretion  in,  533,  536  ;  temperature  in, 
555 

Beach-Plum,  190  n 

Beard-moss,  99 

Bee,  207  n,  557-561     (see  Bom  bus) 

Belemnites,  133,  134 

Benzule,  513 

Berberry,  679,  681 

lieroe,  144*,  3l3,  3'K),  4.56,  694 
JBj'iateral  symmetry,  166*,  171-;s 


\ 


Bile,  306,  381,  531 

Binary  composition,  20 

Biology,  3 

Birds,  109 ;  bones  of,  47, 392 ;  circulation 
in,  367,  368 ;  digestion  in,  521,  embry- 
onic development  in,  655-8  ;  lymphatic 
S)  stem  in,  387,  nervous  system  in,  720 ; 
refyrodfiction  in,  644-6 ;  respiration  in, 
479 ;  temperature  in,  562,  563 

Bivalve  Mollusca,  138 

Bladder,  gall,  463  ;  urinary,  465 

Blastoderma  (see  Germinal  Membrane) 

Blight,  95 

Blood,  characters  of,  420-5;  difference  be- 
tween venous  and  arterial,  367  n,  420, 
485 ;  independent  movement  of,  369-375 

Blood-corpuscles,  structure  of,  421,  422; 
development  of,  431  ;  changes  in,  432; 
movements  of,  423 

Blood-vessels,  formation  of,  374-7,  424 

Bombardier  Beetles,  533 

Bombus,  463,  491,  557 

Bone,  structure  of,  46-49 ;  changes  in,  591 , 
392 

Bostrichus  typographoa,  284 

Bothriocephialus,  621 

Botr^llus,  634 

Bovista  giganteum,  273 

Bowerbfmkia,  152 

Bracts,  80 

Brain,  107    (see  Cerebrum) 

Branchial  arches,  361,  364,  378,  380,  483 

openings,  472,  483 

tufts,  459 

Branchiae,  458,  470,472,475;  pulmonary 
469 

Bronchial  tubes,  34 

Bryum  calycinum,  601 

Buccinum  undatum,  172,  636 

Buffy  coat,  425 

Bulbus  arteriosus,  361,  380 

Bulimus,  160  n,  671 

Bursa;  mucosab,  58 

Butterflies,  667, 668 


C. 


Cacalia  septentrionalis,  449,  517 

Cacti,  297,  408,  496 

Caddis-worm,  120 

CiL'salpina  pluviosa,  521 

Calcareous  deposits,  17,  44,  46-53,  117, 

125, 131,  142, 151-5 
Calcigerous  tubes  of  teeth,  51-3 
Calyx,  of  flower,  80 
-,  of  ovarium  of  animals,  639, 644,646, 

649 
Cambium,  412 
Caraphene,  21,  517 
Cancelli  of  Bone,  47 
Cancerous  structure,  73 
Caoutchouc,  514 
C«^\\\?a\V3,497,569 
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The  Numbers  rrfer  to  the  Paragraphs, 


Capillary  circulation,  269,  331, 334,  337*, 
338,  343,  369-374,  376 

vessels,  35,  331,  432 

Carapace,  111,112 

Carbon,  a  constituent  of  organised  struc- 
tures, 18,  397 ;  fixation  of,  440,  441 ; 
excretion  of,  from  Plants,  435, 436, 442, 
508,  551 ;  from  Animals,  435,  436, 485, 
486,  487,  509,  530,  565-7 

Carinaria,  699 

Camivora,  72,  108*,  250,  284,  286,  322, 
383, 721 

Carpels,  81*,  601 

Carpobolus,  683 

Cartilage,  45 

Catalytic  actions,  98n,  202* 

Caterpillar    (see  Larva) 

Cells,  of  Animal  structures,  38-44 ;  of 
morbid  growths,  73 ;  formation  of,  429, 
430,  432, 433, 612-614;  transformations 
of,  43-69,  71,  72,  430, 433 

Cells  of  Plants,  25 ;  deposits  in,  26,  404 ; 
dotted,  26,  27  ;  spiral,  27 ;  formation 
of,  408,  409  ;  transformations  of,  70, 
411 

Cellular  tissue  of  Animals,  55-57,  525 

Cellulose,  404 

Cephalopoda,  114,  132*,  133 ;  circula- 
tion in,  359,  360 ;  digestion  in,  318  ; 
embryonic  development  in,  640  ;  nerv- 
ous system  in,  701,  702  ;  phosphores- 
cence of,  544 ;  reproduction  in,  638, 
639 ;  respiration  in,  458 ;  secretion  in, 
530,532,533 

Centipede.  123,  351,  703,  714 

Cerealia,  672 

Cerebellum,  717-721 

Cerebro-spinal  axis,  716 

Cerebrum,  717-721 

Cestum  Veneris,  144, 340,  456 

Cetacea,  105, 108,  368,  383,  503,  562,  721 

Chalazae,  645 

Chambered  shells,  133, 135 

Chameleon,  478 

Characea,  90  ;  circulation  in,  328  n,  405 

Characters,  external,  74, 104, 105 

Chelonia,  J 11, 320, 478, 533, 534, 555, 643, 
660 

Chemical  constitution,  18 

affinities    (see  Affinities) 

Cbimaera  arctica,  361 

Chiton,  135 

Cholera,  temperature  in,  565,  567 

Cholesterine,  531,  539 

Chondrin,  46 

Chorda  dorsalis,  tissue  of,  40 ;  formation 
of,  in  embryo,  653 

Chorda  filum,  100 

Chorion,  432,  645,  650,  661,662 

Chromule,  520 

Chrysalis    (see  Pupa) 

Chyle,  306,  319,  4l5*-7 

Chyme,  305*,  306,  414 


Cicatricula,  631,  637,  645,  652, 

Cichoraceae,  514,  522 

Cilia,  41,  125, 126,  136,  144,  146*,  148, 
151,  152, 155. 308,  455,  458,  696 

Ciliobrachiata,  126, 152*,  311,  617,  693 

Circular  system,  165  ;  symmetry,  166-170. 

Circulating  system,  337,  680;  evolution 
of,  in  Animals,  373-382  ;  in  Plants, 
335 ;  malformations  of,  382,  383 

CiBcuLATioN,  266*,  325*,  326  ;  of  latex, 
330-4 ;  in  embryo,  366,  374-381 ;  com- 
plete double,  367 ;  capillary,  331,  334, 
337*,  338,  369-74;  respiratory,  336, 
362,367;  portal,  362 

CiRRHOPODA,  116, 125*,  142, 157  ;  diges- 
tion  in,  316 ;  metamorphosis  of,  125 ; 
nervous  system  in,  706 ;  reproduction 
in,  624 

Cirrhus,  459 

Classification,  74 

Climbing  plants,  169 

Clio  borealis,  134,  636 

Cloaca,  643 

Clover,  190 

Coagulable  lymph,  424 

Coagulation,  of  blood,  396,  425  ;  of  albu- 
men, 414 ;  of  chyle,  417  ;  of  elaborated 
sap,  399 

Cockle,  139 

Cod,  642 

CcEca,  314, 315*,  317,  321 

Ccecilia.  112 

Calelmintha,  127 

Co-existence  of  elements.  250 

Cold,  influence  of,  on  Animals,  l9l,  192, 
213-5  ;  on  Plants,  194,  210,  211 

Coleoptera,  122  n,  545,  558,  710  » 

Collomia,  23 

Colocasia  odora,  551 

Colour  of  Plants,  80,  440,  441,  520 ;  of 
blood,  420 

Columella,  of  Mosses,  87 

,  of  Shells,  135 

Columns,  motor  and  sensory,  716 

Comatula,  143*,  170,  311,  314 

Combustion,  spontaneous,  547  n 

Commissures,  695,  720,  721 

Compensation,  principle  of,  249 

Complete  metamorphosis,  120 

Composite  flowers,  672 

Composition,  unity  of,  237-241 

Compound  MoUusca,  140 

Polygastrica,  148,  339 

■  Polypifera,  150*4 

Conch iFERA,  138,  139  ;  circulation  in, 
357  ;  digestion  in,  318  ;  embryonic  de- 
velopment in,  637  ;  nervous  system  in, 
697,  698  ;  reproduction  in,  635 

Conditions  of  Action,  181 

Condor,  227 

Conductors  of  nervous  influence,  692, 732 

Conferva,  90, 100*,  290,  441,  594 

Com/cr<c,  30,  83*.  517 
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t^nneetion  of  Animals  with  Plants,  159- 
16S;  of  Animal  groupa,  157,  158;  of 
,  Vef^table  groupa,  102 

Obnaciouaneaa,  peculiar  to  Animala,  260 

Gonsiatenoe  of  organiaed  atraotnraa,  17 

OmtraetUity,  183,  204,  271, 677, 682,727, 
731 

Contraeti<m  of  Muaclea,  66,  684,  685 

Coral,  17 ;  red,  154  ;  atony,  49,  151, 
153 

CoraUinet,  156 

(k>miia  maacola,  498 

Corolla,  80 

Corpora  qaadrigemina,  721  n 

Corpora  Wolffiana,  658, 659 

Corpus  callosum,  720 

Corpus  luteum,  649 

Corpuscles  of  Blood,  421-423 ;  of  fione, 
47 

Cotyledons,  of  PlanU,  75*,  76,  447»  600, 
615, 655 ;  of  Animals,  662 

Cowslip,  &c.  667 

Craasamentum,  425 

Cray-fisb,  ahell  of,  44 

Crepuscular' animals,  220 

CrhufidM,  143*,  154, 170 

Crocodile,  366, 380, 382, 478 

Crop,  303, 317,  318,  321 

Cruorin,  422 

CnusTACXA,  44, 116, 117*,  123, 125;  cir- 
culation in,  355 ;  digestion  in,  317  ; 
embryonic  development  in,  631 ;  exha- 
lation in,  502  ;  geographical  distribution 
of,  670  n  ;  metamorphosis  of,  117,  699 ; 
nervous  system  in,  713 ;  phospbores- 
cence  of,  544 ;  respiration  in,  466-8  ; 
reproduction  in,  627-9;  secretion  in, 
530 

Crusts  petrosa  of  Teeth,  50 

Cryptogamia,  T5  ;  absorption  in,  290, 
291  ;  nutrition  in,  412  ;  reproduction 
in,  593-7  ;  symmetry  of,  167 

Crypts,  mucous,  61,  62 

Crystallisation,  14,  46,  531,  534 

Cucbia,  362,  473,  483 

Cultivation,  effects  of,  67S 

Curling  arteries  of  uterus,  662         ' 

Cuscuta,  441 

Cuticle,  of  Plants,  495,  496 ;  of  Animala, 
41 

Cuttle-fish,  132*,  360  n,  701,  704 

Cyanosis,  382,  565 

Cyclaa,  635 

Cyclo-oeura,  107 

Cyclosis,  331,  334 

Cynthia,  318,  696 

Cysticercus,  129 

Cytoblast,  409*,  429,  609 

D. 

Dahlia,  671 

Darwin,  Mr.,  quoted  from,  193, ^15,6^ 


\ 


Death,  noleoular,  188, 189 ;  aomide,  187, 
188,195,370 

Decapoda,  117 

Decollation  of  Shell,  136 

Deglutition,  307, 308 

Depoaits,  in  Cells  of  Plants,  26, 404, 512; 
in  Wood,  SO,  404,  411 ;  in  Bpidenttie 
cella  of  Aniinals,  42, 44;  in  CartilagB, 
Bone,  &c.  125,  131,  142;  in  Polypa- 
riea,  151-5 

Depth  of  water  at  which  Uving  beings 
exist,  220, 227 

Dermo-skeleton,  115, 116 

Development,  arrest  of,  24^  ;  baianoe  of, 
249;  excentric,  246,  progreasiTe,  242-5 

Diaphragm,  479,  480,  685 

Diastase,  403 

Diatoma,  100, 101, 568 

Dieotyledom,  76 

Diffoaion  of  Gaaes,  438 

DxoBSTXoy,  265,  279,  280,  28t,  301*-6 ; 
of  coats  of  stomach,  302 ;  in  Plants,  441 

Di^re  cavity,  279*,  281,  301 ;  fixa- 
tion of,  in  embryo,  324,  656 

Dioecioua  PianU,  75,  81*,  211 

Dionsa,  261, 281,  680*,  691 

Dtp((Mi«fira,  107 

Diplosoon,  316, 344 

Dipssous,281 

Diptera,  122  n 

Direction  of  growth  in  Plants,  218 

,  sense  of,  676 

Dischidia,  281 

Disk  (receptacle),  403,  448 

Distribution  of  species,  670 

Diving  animals,  368,  503,  562 

spider,  464  n 

Dogs,  altered  instincta  of,  673-5 

Domestication,  673 

Doris,  eggs  of,  636 

Doraal  vessel,  348,  349,  351,  352,  35S*, 
374,  375 

Dotted  ducts,  26,  29,  34,  335 

Dracontium,  leaf  of,  79 

Draco  volans.  111,  233 

Dropsical  tissue,  57 

Drosera.  516 

Ducts  of  Plants,  29,  70  ;  annular,  3i  ; 
closed,  33  ;  dotted,  26,  29,  34 ;  spiral, 
32 ;  reticulated,  34 

Ductus  arterioaua,  72,  380*-2 

pneumaticus,  473,  474 

venosus,  381 

Dugong,  32,  367,379,  382 

Dura  mater,  60, 72 

Duramen,  32,  77*,  329 

Dwarfing,  208, 671 

Dytiscus,  714 

E. 
Earthworm,  124»,  282,316,349,459,533, 
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Ths  Numberi  refer  to  the  Paragrapht. 


EcHiNODERMATA,  143, 143  ;  circulation  in, 
341,  342;  digestion  in,  314;  nervous 
system  in,  694 ;  reproduction  in,  618, 
620 ;  respiration  in,  457  ;  symmetry  in, 
170 

Echinus,  142, 143, 170,314,  341,  618, 694 

Educability,  of  Animals,  675;  of  man, 
676 

Edwards,  Dr.  W.  F.,  his  experiments, 
222,  475 

Eel,  718 

Efferent  nerves,  688 

Eggs,  influence  of  light  on,  222  ;  of  cold 
on,  214;  of  dryness  on,  194;  of  warmth 
on,  563 4    respiration  of    (see  Ovum) 

Ehrenberg  referred  to,  147,  148,  312 

Elasticity,  60,  196 

ElateridcSf  545 

Electrical  organs  of  Fishes,  579 

Elbctricity.  influence  of,  on  Animals, 
226  ;  on  Plants,  225  ;  evolution  of,  in 
Animals,  573>582 ;  in  Plants,  571, 572 ; 
sources  of,  568-570  ;  development  in 
Man,  574;  in  Fishes,  576-580;  in  mus- 
cles, 575  ;  influence  of  nerves  on,  580, 
581 ;  uses  of,  582 ;  distinct  from  ner- 
vous agency,  581,  689, 727 

Elytra,  122  n 

Emotional  actions,  729 

Emys  serpentina.  111 

Enamel  of  teeth,  50 

Encbelis,  147 

Endogbns,  76,  79,  102.  162  ;  circulation 
in,  332 ;  growth  of,  412  ;  stem  of,  78 

Endosmose,  197, 198, 287, 288*,  289, 296, 
683 

Entophytic  Fungi,  95,  96 

Entozoa,  127*-9,  590 ;  absorption  in,  315, 
316  ;  circulation  in,  339,  344,  355  n. ; 
endurance  of  heat  and  cold  in,  213 ; 
nervous  system  in,  706 ;  reproduction 
in,  621 ;  respiration  in,  459 

Epidermis,  41*,  131  ;  appendages  to, 
42—44 

Epithelium,  41*,  50,  58, 59, 153 

Etiolation,  440,  442,  500 

Evaporation,  497,  501,  502,  605, 506 

£unice,  347 

Euphorbia,  398,  522 

Eustachian  valve,  381 

Exanthemata  of  Plants,  95 

Excentric  development,  246 

Excretion,  269*.  435,  501,  509  ;  in  Ani- 
mals, 524 ;  in  Plants,  521  ;  by  roots, 
522,  523 

Exhalant  glands,  501 

Exhalation,  269, 494  ;  in  Animals,  501 ; 
in  Plants,  495 — 500;  dependence  of, 
on  light,  499,  500 ;  on  heat,  499,  504, 
505 

ExooENs,  76,  79,  102,  163 ;  circulation  in, 
329,  330  ;  growth  of,  412  ;  stem  of,  77 

Exosmose,  288,  296 


Experiment,  uses  of,  in  Physiology,  4,  5, 

6, 255,  264 
Exuviation  of  Crustacea,  117 

F. 

Fairy  rings,  412 

False  membranes,  424 

Falx,  ossification  of,  72 

Fasciae,  60 

Fasciculi,  muscular,  63 

Fat,  structure  of,  38, 39 

Fecula,  195,  402  ;  conversion  of,  403 

Fermentation,  98 

Ferns,  85*,  86,  102,  161,  167,  218 ;  ab- 

sorption   in,  292;  circulation  in,  328; 

reproduction  in,  i»97,  615 
Fertilisation  in  Plants,  599 ;  in  Animals, 

613 

Fibre,  elementary,  of  Plants,  23;  woody, 
30 

of  Animal  membranes,  origin  of  in 

cells,  43,  54—60,  430 ;  of  tendons  and 
ligaments,  60  ;  of  muscles,  37,  65*, 
432 

Fibrillae,  of  muscle,  64,  432 

Fibrin,  65,  417,  419* 

Fibrous  membrane,  60 

Fibro-cartilage,  45 

Fibro- vascular  tissue,  30,  329 

FUaria,  127 

Final  causes,  252,  741 — 3 

Fire-flies,  545 

Fishes,  105, 114* ;  bones  of,  45,  47,  48; 
circulation  in,  361,  362  ;  death  of,  out 
of  water,  490, 502  ;  electricity  in,  576 — 
582;  embryonic  development  in,  659; 
exhalation  in,  502 ;  influence  of  sur- 
rounding medium,  228  ;  lymphatic  sys- 
tem in,  385  ;  nervous  system  in,  718  ; 
phosphorescence  of,  544, 547 ;  reproduc- 
tion in,  641,  642 ;  respiration  in,  472-4, 
490 ;  secretion  in,  528,  530,  532,  533, 
536,  537  ;  temperature  of,  554 

Fissiparous  reproduction,  602,  667 

Fixation  of  carbon,  440 

Flesh-fly,  273,  626 

Floral  envelopes,  80 

Florideee,  595 

Flower,  structure  of,  80,  81 ;  symmetry  of, 
168 ;  luminosity  of,  542 ;  changes  in 
air  produced  by,  448  ;  heat  of,  551 

Fluids,  passage  of  through  tissues,  197, 
198,  287,  288,  289 

Fluorine,  18  n 

Flustra,  152  n,  617 

Fly-catcher,  563 

Flying-fish,  114, 232 

Foetus,  circulation  in,  381 

Follicles,  simple,  526 ;  compound,  526, 
527 

Foramen  ovale,  379,  381, 382 

Form  of  organised  atxucVuT^tk,  \^ 
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ngWi 


rrfmri^At 


t9i,ti4,5S3,5S^l 


«718 

twetnmg  of 
of  PlaatSyfll 

575 
¥nad,  frimarj,  597*,  €00,  615 
FndlSy  iqpeaiai^  of,  519 
FooM,  595 
Falgon,545» 
FnedoM  S  ;  aaoMl,  f0O  ; 

f54 ;  sepndaetir*^  f57,  fTO ; 

MtiMi  oC  t49»,  f91, 500.  «S,  4ai,  489, 

Sa9,SS5,6Miwa$apmmm4ti,tSlS,f59 
FoKOi,  84,  91,   9t*-8,  lOf ,   181,  187, 

277;  alMorptioBiB,  f90;  ciiealalMi  ia, 

St7  f  luwmoMly  o^  548  j  wpiodttiiwi 

IB,  596 ;  rwpintk»  n,  444 
FaBpa,877 

G. 

Gsll4bda«r,  580 
G«|^  69, 107, 687 


486,459 
Gjistkbopoda,  155,  161 ;  ciiealalMi  in, 

556 ;    digMtioo   is,   518 ;   emhrjmac 

dtfrdofiBfliit  IB,  637;  aai'toiM  tylf 

in,  699,  700;  vepiodnelioB  in,  686; 

rwpiimtioo  in,  458  ;  ■jnunady  in,  17f 
Gtttric  jaice,  305 
Gelatine,  46,  57,  61, 496* 
Gemma;  of  Crjptogamia,  88,  89*,  219, 

588,596 
Gemmiparona  reprodaction,  602 
Gemmoles,  of   Polypes,   150,  153,  261, 

619 

of  Sponges,  155,  261,  324,  603 

Generation,  eqniTOcal,   96,  589;  sponta- 

neons,  180, 589 
Germinal  mass,  56, 614*,  651 
—~~  membrane,  324,  374,  614*,  616, 


652 


spot,  430.  609* 
▼esicle,  430,  609*-613 


Gennination,  76*,  218,  447,  551 ;  influ- 
ence of  electricity  on,  225  ;  influence  of 
light  on,  219 
GilU,  236,  458,  470,  472,  475;   aerial, 

465 
Gizzard,  132, 152,  311,  317,  318,  321 
Glands,  of  Plants,  516  ;  of  Animals,  524 
526-9  ;   evolution  of,  in  embryo,  539  ; 
dimensions  of  ultimate   portions,  -  538 ; 
parenchyma  of,  428 
Glands,  lymphatic,  387,  388 
Globular  structure  of  tissues,  17  n 
Globules,  in  fluids  of  plants,  399,  405, 
406.  408,  409;  of  chyle,  415,  416;  of 
lymph,  418 ;  of  blood,  420-3 
Gioir-wonn,  545, 546 
Gluten,  518 


648 


878»,  579, 


i 


«Kw,  Sf9%f  999 

Gnjantfarnf 
.717 
Gnm,  899,  400»,  488,  «8 

G^ppnnolM^  576-9 

H. 

H«ir,flnMn««r,480 
iUam,  Ilc^liit 

tnble«zlnhtion,'49B 
Han,  Dr.  M^  rafeund  to,  7f5s 
r,198» 

858 
48,51 
188,817 

861;  BMd-inatMMM  «& 

ling  inioflBM  0^869 
Hbat,  n0Ci«n  of^  on  FlMtil,  811,  onAni. 

■udfl,  218,  815;  dogne  o^  PBwiiHif 

widi  life,  809,  214 
HsAT,  emlBtion  of,  548;  ia  Plairis,  549- 

551;  in   Animal^  558-564;  oonmi 

of,  565-567 
Hedysarcm  gynns,  682 
Helena,  St.,  Flora  of,  670 
Helianthoa,  496 
Heliantboida,  151, 154*,  619 
Hemispheres  of  bndn,  718-721 
Hendptera,  122  n,  711 
Henle,  on  Epidermis,  &c^  41 
Hepatic^,  89  (see  Marchantia) 
Hepattsation,  424 
HerbiyorouB  Animals,  250,  286 
Hereditary  transmission,  672-6 
Hermapbrodism,  628 
Hetero-gangliata,  107 
Heterogeneous  structures,  242,  585 
Hive-bee,  temperature  of,  559-561 
Holotburia,  143*,  157,  238, 314,  342,  457, 

478,  618,  694 
Holly,  leaf  of,  79 

Homogeneous  structures,  242, 585 
Homoptera,  122  n,  71 1 
Hoofs,  structure  of,  42 
Hop,  twisting  stem,  169 
Humble-bee,  557,  559 
Hybernation,    of  Animals,    137,    192*-4 

213,  215,  564 

of  Pknts,  194,  211 

Hybrids,  production  of,  208,  665,  669 
Hydatid  (see  Acepbalocyst).  129 
Hydatina,  622 
Hydra,  61, 149*,  261,  279,  308,  310,  d30, 

586,  587,  617,  691 
H\jdTafOTia  Po£\)\|e<,  150,  311,  619 


ThiSwmtinr^UtlmPangnfkt. 


Ichnemuon  itTobGtUi,  tS4 

Icthjouunis,  111 

Jmago,  119,  lli»,  f  59.  317,  S5S,  5W,  671, 
710,711 

Impmtieni  noli-mo-tuigen,  683 

Imprssaians,  6S7,7S4 

iDCabatioD,  of  beet,  559 ;  of  Idrda,  S63 

IndiridatlitT  of  putt,  16,  410 

lD<luctioo,£30 

luBsmmation,  4S4, 4(5 

Iktuboiii  (see  PolTgubrie*  end  Rotifen) 

Ingestion  of  iGDieDt,  f65*,  «76 

iDJuries,  lepuuion  of,  117, 118, 175,  4S4, 
4«S 

Ink-bef ,  13«,  318,  640 

iDsaliratiDn,  303,  304 
1  Ikbects.  119 — IS*;  circulation 

digestion  in.  SIT;  embiyoDic  deielap- 
meot  in,  6*1;  electricity  of,  576;  ei- 
balition  in,  503;  meUmoiphiHisof.llS, 
ISO",  «45;  nerT 
J\t;  nnmbarof,  I 
of.  545,  546 ;  reprodactuin  in, 
respiration  in,  461-5,  491 ;  ucRiion 
in,  530,  533  ;  tempentnre  of.  556-561 
tracbes  o(  SI ;  wings  of,  Ittn,  t33  ■ 
465 


Intellectual  facnltieB,  7Z9 
Intelligence,  kingdom  of.  737 
InterceUolar  spaces,  3S7,  3!9 

BQbstance,   of  Csrtitage, 

■-"    ofVBgBtHbl8cel1a,4r- 


Int 

IntertuliulBi 


L9,  4i,  3! 


,39* 


substance,  of  Teeib.  51 
INVEBTEBRAT^.  106*,  116;  sbsotplion  in. 

3S4 ;  blood  in.  4f0,  4tt ;  eifaalation  in, 

502,    503  ;     nutrition    in,    50J,    503 ; 

respiratioa  in,  466,  49l  ;  skeletmia  of, 

46;  letupersture  of,  553 
Invetsiou  of  Articulats,  116  n. 
Involuni^ar^  moyemsuU,  685,  715,  730-4 

Ii 


ria,  leaf^  4! 

-phous   substBoeeB,   sbsorptio 


of,  51  i  fomiittou  of,  5t 


Janlliina,  137,  533 

h 
Kidney,  5S8,  533 
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I,  906,  319,  415,  416, 


1,  515 


LsgomTS,  19t 

LsniiBB  do[aBlBB,653 

Luuinuin  bocdntUs.  159 

Lampiey.  114,  471.  641 

Law^iyrvlx.  545 

Lud-cnb,  117  11,467 

Loth,  119.  iBO*.  191.  213,  tl4,  «45,  t59, 

317,  671 ;  ciroiiUtian  in,  35t ;  nemm* 

■ystem  of,  708 ;  nproductioa  of  put* 

in,  586 ;  reapintion  of,  461.  465, 491 ; 

taMpermtnra  of,  556  ;  toipidilj  of,  191 ; 

Toncity  of,  ItO,  173 
Lams  Roosii,  191 
LatBi.  35,  330",  331,334,511 
Latioilerona  lissae,  35 
LiwB,  of  Nibue,  3,  I8l»,  I81j  of  Vitd 

Action,  3.  «9;  genaraliastion  n^  17j>, 

f  S9, 130,  744,  745 
Lmdm,  amngemeDt  of,  168 ;  atnictaTO  of, 

79,  330,  496 ;    fonetiana  of,  441,  441, 


L«Bob,  114",  349,  553.  613 
Lenuning,  564 
Lepsdei,  115 
Lepidodendrt,  83 
LtpidafltTQ,  in  a.,  615 
I^pidotiren,  114,  473 
Lepidosteos,  114,  473 

Leltncfl,  681 

Libelluli,  465 

Liber,  77",  330 

LiOHKBa,  91,  99»,  159,  176;  absorption 
in,  190 ;  drcalstion  in,  317 ;  rsprodne- 
tion  in,  590,  596  ;  lecTelion  in,  Sl9 

Life.  1-6,  175,  176.  160" 

Xjgunentous  struct  ore,  60;  in  Concbifen 
'"  ■     "  ""nee,  60 


Liquor  ungui 


T,  519,  530,  531 


n*  NiMtmt^*-  te  Ota  Pmagn/lu. 


LopbiM,  7ia 
Ifoopwdim,  9S 
LTOoroDucaa,  83i  IKS* 
Lvcopodiui  c(  Fsra,  194 
L7«n,  Mr„  irinrad  to.  673 


LjMnoehuM.  450.  »1 

Ijmpb,  waporitian  of.  41B;  ■oTW—it 

of.  393, 5ir  i  eoHinldda.  4C4 
Ljmfhttiet.SS*;  Ijmfbtaic  Aatia,  SXT, 

388,  417;  b«utB,3S6;  iofluHMOo^OB 


LTBpb-glalMlM,  4n,  431 


HnnMfia,  108  ;  booM  0^  47  ;  «iroiilition  in, 
86r,36S;digMtu>ia,3ft}  aBbcTonio 
dOTelopneiit  in,  661;  Ijaiphatic  ab- 
amptioii  in,  SS8;  narroiH  a^itani  in, 
7fl;rapRidaetion  in,  647-650;  mpin- 
tion  io,  4S0,  481;  aecretioa  in,  518, 
330,  534,  537  ;  teeth  of,  51;  lempsn- 
tnre  of,  561-563 

Mammary  f\tnAi,5VI 

'■  a«cretion,  537 

Han,  edncabilil;  of,  676  ;  deselopmeot  of 
miod  in,  73S  ;  electricitj  iu,  574 

aUndibles,  MZ,  131,  317 

Mandilnilata,  Hi 

DillB  Spring,  «09,  113 


Mm 


I,  704,  7 


utle,  131*,  lS6n.,  140,  634 
Manure,  ases  of,  277 
Marcbands,  89*,  406,  496,  597,  615  ;  in- 

Suence  of  light  on,  «19 
Mermot,  19S 
HHrroii,  of  bone,  47;  epinsl  (wie  Spinal 

Cord) 
ManiUatta,  G6,  598 
Marsupial  csvit}',  618,  6£0 
Murtupfalia,    108",   563,  647,    648,  670, 

rei 

MsBCicstion,  S03,  304 

Medulla,  of  feather,  43;  of  bone,  47 

Medulla  ublongala,  709 

Medullar;  membrane,  of  bone,  48 

raja  of  stem,  25,  48,  77» 

abaatb,  77*,  449 

Medusa,  144*,  160,  313,  456,  618,  694 

Meibomian  glands,  5!i7 

MeloloDtha,  558,  711 
MeatbraDt  granulosa,  649 
Membnnt  team,  645, 650 


alaacBtHj,  af  PlaUB,  SS 


HaoanleiT,  314, 316 

HatamorpboliB,  113:  < 
364,475;  of  CiiriMwada,  IH  ; <rf CnB> 
laeaa,  117,  6t9;  of  iBMctt,  11»-111; 
in  PlanU,  80,  601 

■      ■   l,M,461« 


Hildeir,  9f,  94*,  95 

HilUnMi,  of  blood,  405  ;  of  ^h^  «»  { 

of  a^  514 
Uinoaa  (8«iMitiTa  fW^)  Ml,  680, 681 
Hind,  op«nlkni  oft  SGO,  7X8, 7t9  i  daT«. 


Moiature,  loss  of,  1!6,  193 

Mollusc*,  16, 17, 44, 106",  107, 131, 1ST, 
158,  161,  173;  circnlatioD  in,  356;  di- 
gestioo  in,  S18  ;  embijonio  derelep-. 
ment  of,  616,  634,  637,  610;  nerrona 
syaiem  in,  696  ;  phoa|jboreGCeiice  uf, 
544;  re))roductioii  in,  633;  reS|)iTBtiaD 
in,  458;  eecietion  in,  530,  533;  a^m- 
metry  in,  17?  ;  temperature  of,  553 

Momordica  elBlerinm,  683 

Monilia,  94 

MonoeotjledoDH,  76 

Hoaiecioas  Planta,  75,  81* 

Mmalremata,  108*,  647,  648,  650,  670, 
721 

MonBtroaitieB,  246*- 8 

Morbid  changes  of  sbucture,  7«,  73 

Mosses,  87*,  88,  211 ;  absorption  in,  itl ; 
circoUtion   in,   328 ;    reproductioa   in. 

Motions,  BpoDtaneoos,  of  Flsnte,  101 ,594, 
678-683,  691 ;  of  blood,  369^72 ;  of 
blood-diaks,  4!3,  432  ;  of  gemmulei, 
150,  153,  155,  619  ;  of  granules  in 
vegetablea,  405  ;  of  Hpomles,  594 

Motor  column,  716 

nervea,  688 

Mould,  mildev,  &&,  92-5,  97 

MucODH  membrane,  61*,  62,  S06 

crypts,  526 

layer  of  gennmal  membrane,  65! 

Mucua,  Animal,  61,62;  oi^anic  of  Plants, 

410 
Murex,  1S5, 136*,  667 
MuBcardioe,  97 
Musclea,    contraction   o^    66,    271,    cOD- 

trsctilitj   of,    684,    685 ;  electricity  at, 

575  ;  general  usea  of,  37  ;  heat  of,  55«: 

Btrueture  of,  63-7 
1,93 


JHtriapodi,    193;    circuUtioD    in,   351; 

digeBtiou  in,  316;  nerroua  system  in, 

functions.  37,  68,  256* 

70r;  roprodaotion  in,  6S5 ;  respiialiQn 

life,  kingdom  of,  735 

in,  460 

Organiiatinn.  9,  1S5-7;  of  flaids.SOS.  396; 

Myiine,  114 

a  vital  proceaa,  199,  203,  396 

N. 

OrganisEd  atructurea,  actions  of,  174-203 ; 

Bggregalion  of,  16;  coaaiatenca  of,  17; 

Null,  itrnctnre  of,  42 
MaiB,  623 

conatitution  of,  18;  durability  of,  19; 

fono  of,  14;  bisb  of,  15;  tendancy  to 

dBoay  in,  19 

248  ;  light  of,  548 

Organism,  9 

Orthaplera,  193  n 

Nsriculs,  101, 147 

Oaillataria,  100,  678 

NiutUus,  133',  360,  640,  701 

Oamunda  regalia,  86 

Needham,  mojiag  liUmeata  of,  638 

OasBous  tissue  (sBe  Bone) 

Oaaification.  46 

WereU,  124»,  459,  544 

Ostrieb,  104,  479,  533,  663 

Ntrvi,  Bsneral  nSBs  of,  37  ;  itraclnre  of. 

Otter-breed,  674 

68,  69;    sfferonl,  687,  725;    effereut, 

Oiarium,  of  Animals.  610;  of  Plants,  81, 

599;  ofPolypea,  150,  617 

NiHvous  SvETEH,  general  forms  of,  107; 

Ovisac,  610,611 

of  animal  life,  687-690;  of  organic  life. 

Ovo-viriparoas  reprodnotion,  603 

690;    generel   fuaatiODs  of,    272,  434, 

Orulea  of  Plants,  598,  599.  601 

687-690,  724  ;  BTOlution  of,  723 

Orulum  of  Animali.  603,  609 

Neorine,  69 

Ovum,  development  of,  612-4;  in  Rndiata, 
619,  620;  id  Arliculata,  631,  632;  in 
MolluBca,634,637,640;  in  Veitebrala, 

Nouroptera,  I22n 

Neir-HolUnd,  Flora  and  Fsons  of,  670 

651-5;  in  Birds,  656-8;  in  Piahea,  659; 

Nitella,  90 

662;  general  reviflw  of,  663 

Nitrogen,  abuDdant  in  Animala,  18  ;  pce- 

Oiygen,  aconatituontoforganisBiI  stmc- 

L           sent  ID  Vegatablea,  18 ;  indusDos  of,  on 

tnras,  18 ;  absorbed  by  Animals,  436, 

1         vegetatioa,  446  ;  on  AnimaU,  4SG,  486  ; 

486;  by  Plants.  436.  442;  given  ont  by 

1        eicTBtion  of,  53-1 

PUnts,440 

P    HoBtochinffi,  61,678 

Oyster,  138.  357,  697.  698 

■      Nneleolna,  409»,  429,  430,  615 

NndanaofcBlIe,  41,  67,  408',  40!,  439, 

430,609 

P. 

Paahydermata.  108,  322 

1       NomiTiON,  262',  270,  394-6 

PaiOny,  Sowar  of,  80                             ^^H 

L    Nycteribia  122 

Palndina,  636                                      ^^M 

1 

PancTBas,  526,  539                             ^^H 

1                                    0. 

Papaveracta,  514,  52f                        ^^H 

r 

PapillK.  687                                         ^^H 

254,  255,  264 

Paraaide  Fungi.  95-7                         ^^H 

growtba.  73                         ^^H 

Odours,  of  Animnla,  536  ;  of  Plants,  517 

Parencbyma,  79                              -^^H 

Oils,  essential,  513  ;  fixed,  518 

Parotid  gland.  527                            -^^^ 

Olenoder,  495,  496 

Parr  (young  Salmon),  642 

OlfaetiTe  ganglia,  718-21 

Farrol.  646 

Particles,  coloured,  of  blood,  420-3 

Operculum  of  FisEiOB,  472;  of  Gasteropoda, 

Par  vagum,  708,712, 733 

137,139;  ofMossBB,  87 

Patella,  135 

Ophidia.  112',  239,  3J0,  477,  643,  660 

Paclen,  138,  697 

Opium,  514 

Pecniiaritiea,  acquired,  679-6 

Opposite  leavefl.  168 

Pennatnla,  154*,  170,314 

Optio  ganglia.  718-21 

Otbicula,  139 

Orebidme,  27,  S97.  408,  517,  667 

Periodical  chinees,lM,»>'<.,««. 
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PermaneDce,  of  laws  of  Nature,  182 ;  of 
forms  of  organised  beings,  2 ;  of  inorganic 
masses,  1, 11 ;  occasional,  of  organised 
structures,  11  n,  190-4 
Perspiration,  501,  503,  505 
Petals,  80,  81 
Petiole,  79 

Phalsna  strobilella,  284 
Phan£rooamia,75,76  ;  absorption  in,  292 ; 
circulation  in,  329 ;  development  of,  600 ; 
reproduction  in,  599,  615;  sjmmetrj 
of,  168 
Pharynx,  303 
Pbolas,  138«  544 
Phosphorescence,  543-547 
Physalia,  144»,  450 

Physiological  Science,  3 ;  difficulties  in,  4, 
5 ;  objects  of,  182 ;  proper  mode  of  pur- 
suing, 6-8.  252,  253 
Phytozoa,  145*,  157,  159, 163,  693 
Picromel,  531 
Pike,  641 

PUeusofFungi,  92,  596 
Pine-tribe,  30r  76.  83* 
Pipa  Americana,  643 
Pistil,  81,  599 
Pitchers  of  Plants,  237,  281 
Placenta,  662 

Planaria,  129,  344,  586,  587,  623 
Planorbis,  172 
Plastic  lymph,  424 
Plesiosaurus,  111 
Plexus,  nervous,  689 
Plicae  dorsales,  653 
Polistes,  97 
Pollen,  81*,  593 
Pollen-tube,  599 

PoLYGASTRicA,  147,    148  J  digestiou  in, 
312;  circulation  in,  339;  heat  of,  553; 
reproduction  in,   602  ;    respiration  in, 
455  ;  sensibility  of,  693 
Polypidom,  150 

PoLYPiFERA ,  1 6, 17,42,  44, 145, 149*-154 ; 
circulation  in,  150 «,  339 ;  digestion  in, 
310,  311 ;  embryonic  development  in, 
619  ;  phosphorescence  in,  546  ;  re- 
production in,  617 ;  respiration  in,  455 ; 
secretion  in,  530 ;  sensibility  of,  691 ; 
symmetry  in,  170 
Porcupine's  quill,  43 

PoRiFERA,  56,  155*,  170;  absorption  in, 
309;  movement  of  fluid  in,  155,  309; 
phosphorescence  of,  546  ;  reproduction 
in,  l55,  603;  respiration  in,  455 
Portal  circulation,  362*,  381,  529,  531 
Poulp,  132, 701 

Powell,  Prof.,  quoted  from,  483  n 
Pressure,  influence  of,  227 
Primary  frond,  597*,  600,  615 
Primitive  trace,  652,  653 
Primrose,  cowslip,  &c.,  667 
Principle,  175  ;  vital,  174-7 
Progressive  development,  law  ot,  ^4*2,,^44 


Property,  use  of  the  term,  184,  186 

Properties,  of  inorganic  matter,  10, 18, 65, 
175, 178,  181, 196,  396, 744 ;  vital,  11, 
65,  179,  180,  183-7,  189,  203,  204, 
396.  744 

Protelmintha,  128 

Proteus,  365,  377.  475,  476,  555 

Protococcus,  91*,  100,  210, 290,  299, 421, 
593 

Protophyta,  101*,  102,  159,  163 

Proximate  principles,  20*,  395 

Pterodactylus,  109,  111,  232 

Pteropoda,  134 ;  digestion  in,  318 ;  respi- 
ration in,  458 ;  reproduction  in,  636 

Puccinia,  93,  95 

Pullets'  eggs,  604 

Pulmonary  branchiae,  466 

Pulmonic  cavities,  466 

Pupa,  120*,  462,  556,  671,  709 

Pyrosoma,  140,  544 

Pyrula,  636 

Python,  386 

Q. 

Quadnimana,  108,  721 

Quill  of  feather,  43 ;  of  Porcupine,  43 

Quinary  system,  165 

Quinine,  composition  of,  20 

R. 

Rabbit,  432 

Races,  hybrid,  545,  669* 

Radiata,  106*,  107,  141*,  157,  160  ;  em- 
bryonic development  of,  619,  620 ;  ner- 
vous system  of,  693,  694 ;  symmetry  of, 
170 

Rafflesia,  84 

Rapbides,  512 

Raptorial  Birds,  646 

Ray,  320,  532,  642,  718  ;  electric,  576 

Receptacle,  of  flower,  402,  403.  448 

of  secretion,  516,  517 

Red  Snow,  12, 91*,  100  n  (see  Protococcus) 

Reflex  actions,  725,  732.  733 

Regeneration  of  parts,  72,  117,  118,  586, 
587 

Reparation  of  parts,  275,  424 ,  425 

Repetition  of  parts,  170,  695 

Reposition,  interstitial,  19 

Representation,  doctrine  of,  165 

Reproduction,  96,  257*,  270,  583,  584 ; 
general  form  of,  585-588  ;  special  form 
of,  588 ;  general  history  of,  in  Plants, 
593 ;  in  Animals,  602 

Reproductive  cells,  593 

— granules,  593 

Reptiles,  110-2 ;  bones  of,  47,  48 ;  circu- 
lation in,  363-6;  digestion  in,  320  :  em- 
bryonic development  in,  660 ;  lymphatic 
system  in,  386  ;  nervous  system  in,  719; 
reproduction  in,  643;  respiration  in, 
475-8  ;  secretion  in,  528,  533,  536 ; 
teeth  of,  52  ;  temperiture  in,  555 
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Resinous  secretions,  5t7 

Respiration,  254,  255,  269*,  435-9;  ne- 
cessity for,  453,471 ;  artificial,  255,  567; 
connection  of,  with  light,  223,  442 ;  bj 
general  surface,  451,489;  effects  of  on 
blood,  485  ;  on  air,  486  ;  of  embryo,  493, 
645,  658  ;  influence  of  temperature  on, 
492 ;  in  Plants,  442,  443 

Respiratory  nerves,  705,  708 

system,  evolution  of,  in  Crus- 
tacea, 468 ;  in  Vertebrata,  483;  in  Plants, 
452,  600 

Retinacula,  649 

Reversion,  172,  173 

Revivication  of  organised  beings,  88,  89, 
126  n.  190-4 

Rhizanthe(Bf  84, 102 

Rhizoma,  85 

Rhizomorpha,  542 

Rhizostoma,  313 

Rhubarb,  512 

Rodentiat  WQ,  322,721 

Roots,  292-4 ;  excretions  from,  451 

Rose  of  Jericho,  194 

Rotation  of  crops,  523 

Rotifer,  revival  of,  126 

RoTiFERA,126;  digestion  in, 3 16;  nervous 
system  in,  706 ;  reproduction  in,  622 

Ruminating  stomach,  322 

Rust,  of  com,  94,  95 


S. 


Salamander,  112,  377,  587 
Salivary  glands,  527,  53.5 

secretion,  303,  304,  535 

Salpe,  140,  544 

Sand-worm,  124,  236,  459 

Sap,  ascending,  398  ;  ascent  of,  330,  333; 

elaborated,  330,  399 ;   coagulation    of, 

599 ;  movement  of,  330-4 
Sarracenia,  281 

Sauria,  111*,  239,  320,  478,  643,  660 
Schleiden,  referred  to,  407-411,  429,  430, 

441  n 
Schwann,  referred  to,  429,  430 
Sclerogen,  26,  30,  42,  404 
Scolia  hortorum,  463 
Scolopendra,  703 
Scopelus,  544 

Scorpion-tribe,  118*,  354,  713 
Secreting  system,  evolution  of,  in  Animals, 

524-9,  539,  540 
Secretion,  269*,  508-510 
Seed,  76,  402  (see  Germination)  ;  vitality 

of,  190,  195,  208,  211 ;  heat  of,  551 
Selecting  power,  289,  294,  319 
Sensatioriy  260,  687, 724, 725, 728, 729, 734 
Sensibility,  204 
Sensitive  Plant,  261 
Sensorium,  687,  692  n 
Sensory  columns,  716;  nerves,  725 


Sepals,  80 

Sepia,  132,  133  (see  Cuttle-Fish) 

Serosity,  534 

Serous  membrane,  58,  425 

layer  of  germinal  membrane,  614, 

652,  654 

Serpents,  112 

Serpula,  124*,  135,  459 

Sertularia,  150,  339,  546 

Serum,  425,  525 

Setae,  459,  462 

Sex,  influences  affecting,  664 

Shark,  320,  533,  642,  718 

Shell,  of  Anneliaa,  124;  ofCirrhopoda,  44, 
116,125*;  of  Crustacea,  116,  117;  of 
Echinodermata,  142 ;  of  Mollusca,  44, 
116,131*;  chambered,  132,  135 

Shields  of  Lichens,  91,  99*,  590 

Shrimp,  117 

Siliceous  deposits,  17,  155 

Silkworms,  disease  of,  97 

,  eggs  of,  222,  625 

,  larvae  of,  120 

Silurus,  576,  579 

Sinuses,  uterine,  662 

Siphuncle,  132 

Siponculus,  143*,  157,  694 

Siren,  475,  476 

Size  of  organised  structures,  15 ;  alteration 
in,  671 

Skeleton,  106, 115,  116,  239 

Skin,  structure  of,  61 ;  secretions  of,  501, 
536 

Sleep,  of  Plants,  682 

Sloths,  368 

Slow-worm,  112,  643 

Snail,  131,  135,  137, 192,  193,  213,  358, 

458,  553,  586 
Snap-dragon,  monstrosity  of,  248 
Solfatara,  441  n 
Sori,  595 

Spatangus,  142*,  143,  282 
Specialisation,  principle  of,  243*,  291, 300, 

323,  482,  524,  663 
Species,  74 ;  distinction  of,  666 ;  distribu- 
tion of,  670 
Spermatozoa,  605-8,  613,  617,  618,  638 
Spermotheca,  621,  625*,  628 
Sphagnum,  peculiar  cells  of,  23,  27 
Sphinx  ligustri,  462,  557,  708-712 
Spider-tribe,  118*,  354,  713 
Spinal  cord,  107,  716 
Spini'Cerebratay  l07 
Spiral  tendency,  135,  161, 167-170 
—  vessels,  31*,  449 
Spirula,  133 
Spondylus,  138 
Sponges,  145,  155* 
Spongioles,  17,  198,  292*,  294,  333 
Spontaneous  combustion,  547  n 

division,  602,  623 

Spore,  75*,  86,  593;  of  Algae,  261,593, 
594 ;  development  of,  594,  597 


I^  Nimhtnrrftr  (■  tb  Panftmfllt, 


i,liot,M9,113 

Stanb,  40S,  403  (tea  FMah) 
Sln^Fuli  (M«  AMMiM) 

8m«,  (tmetonoi;  77,78;  q?i 
0^169 


Stignu  of  PluU,  fll* 

Sligmila  of  InMda,  46S 

StimnL',  178*,  ISO,  190, 195,  3048 

Stoat,  564 

Sumadi,  mtaraof,  979,  <81 ;  linMii,  3tt ; 

oictfiBpknUfSSl 
a,  819, 449, 496 

if  DNVMf  697,718 

IT  nn,  64, 66 
Stfoma  oTorniwi,  «10,  «U,  «44 

Strodgylu,  706 

8tDrEMii,dn 

8tjlo,81* 

SoekoMflSt 

Sagv,  401,  403 

SoD-dnr,  516 

Sim-fiib,  peenliar  tixoo  in,  4t8 

Sonlower,  axlulatioo  o(^  498;  InauMMity 

•r,5«8 

Snrinm  Ta*d,  643 
Swdlowinf,  307,  733 
SwimmiiiK'b1*dll«r,  836 

Gword-fiib,  320 

SyrametiT,  166'173 

Sjmpathetic  moremeDti,  733,  739 

DerTtn,  I64»,  690,  7S« 

SfDbraiiebui,  473 
Syncope,  187  n 
SjBgntUu,  648 

SynoTiBl  m«mbreii8,  58,  71,  515 
Sjatemi  of  clM«iS»lioa,  74,  104,  105, 
141»;  eiicalu,  l64;  quian-f,  165 


Ttdpole,  118,  SSt,  364, 475,  719 
ThiU,  Its',  315,  6il 
Tul-loH  Buimali,  675 

Teetb,  itractDTe  of,  50-3;  developmuit of, 
59;  lituation  of,  303 


551  ■ 


-,  ofVegetablei  549;  offioi 


afleares,  S50;  of  Be«di,  551 ;  of 


a,M9 

Tendinoai  glinctore,  60 
rendril,  Torioiu  form*  of,  134 
Teneiiffe,  Togelatioo  oa,  810 
Tentorium,  oui£cMiou  of,  78 
'"'^ebsll*,  circulation  in,  316 

let,  pecnliaT  Ibrm  of  tiaehan  in,  38 


Telnodon,  376  ^"^^^k..  J 

Thallns,  89»,  91,  99 

Thtar,  86',  87,  89,  595,  597,  601 

Thoncic  duct,  3SS,  393,  417 

Thymujs  gland,  78 

Tiuuti,  of  AdioibIs:  adipoM,  3B.  Hb; 
cartilaginous,  45;  cellulai-,  5  j-7 ;  fibraas, 
54;  muaculsr,  63-7  ;  nioconi,  6l.  6i: 
aerTOQi,68,9;  DSieouB,46-9;  pigmm, 
40 ;  aerous,  58 ;  of  icortud  groitthi,  71 ; 
traoarorniBtlan  of,  71,  73 

Tioiwi,  of  PlantB,  33 ;  cellular,  85;  blici- 
ferous,35;  ltgneoDB,30;  mtiiilb«,tJ; 
TBaifonu,V9;  vaBcular,  31 

Tone  o(li>iDg  lissoea,  57,  585 

Torpedo,  576-588,  642 

Torpidity,  190-4,  SI  3-5 

Tnobe*,  31,  32',  162,  449,  460,  461 

Tradeficantia  rirginica,  406 

TrauHrannatioD  of  tissues,  70-3 

Transposition  of  riteera,  173 

TransuditioQ,  501,  503,  304,  505 

Tricliina  spiralis,  1!8 

ThBhiurnE,  576 

Trigla,  718 

Trifonia,  139 

Trilobites,  135  ■ 

Tripoli,  147 


Tro| 


iluin,  848 


Unger,  referred  to,  95 

Uoio,  637,  697 

Unity  of  composition,  law  of,  936-1 

——  fundamflntal,  olstroccuie,  33t 

Urania  speciose,  40a 

Uredo,  9-1,  95 

Urinary  bladder,  533 

—  tabes,  598,  533 

Urine,  orcB,  uHc  acid,  533,  534 
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Vapour,  qaantitj  of  exhaled  bj  Plants, 

431  ;  by  man,  440 
Variation,  tendency  to,  668 
Varicose  nerve  tubes,  68 
Varieties,  666 ;  propagation  of,  67^-6 
Vascular  area,  374,  376,  655,  657 

layer  of  germinal  membrane,  374, 


652 


tissue  of  Plants,  31 


Vasiform  tissue  of  Plants,  29 

Vegetable  kingdom,  74, 102,  163 

Vegetables  distinguished  from  Animals, 
101,  159,  260-2,  691 

Vegetating  Wasp,  97 

Veins,  337 

Velella,  144 

Venation  of  leaves,  79;  of  wings,  122  n 

Vena  porta,  362»,  381,  529,  531 

Ventilation  of  bee-hive,  561 

Ventricle  of  heart,  356,  375,  379 

Ventricles  of  brain,  718,  723 

Ventriculus  succenturiatus,  321,  526 

Venus,  139 

Vermetus,  135 

Vermiform  fishes,  114*,  157 

Vers  cavitairesy  127 

parenchymateuXy  128 

Vertebrata,  106»,  107,  115,  157,  158, 
163,  239 ;  absorption  and  digestion  in, 
320-2 ;  embryonic  development  in,  616, 
649-662 ;  interstitial  absorption  in,  384 ; 
nervous  system  in,  715,  716 ;  reproduc- 
tion in,  651;  skeletons  of,  46,  115; 
symmeUy  in,  173 

Vertebral  column,  40,  106 

Verticils,  168 

Vessels,  spiral  of  plants,  31 ;  of  latex,  35 ; 
capillary,  of  Animals,  337 

Vibrio,  128 

Villi  of  mucous  membrane,  41,  306,  416 

Viper,  643 

Visceral  nerves  (see  Sjrmpathetic) 

Vital  actions,  3,  180,  186-190 

affinities,  19,  200 

principle,  174-7 


Vital  properties,  11,  65,   174,  175,  183, 

185-7,  203,  204,  396,  744 
Vitality,  183;   of  blood,  396,   423-5;  of 

seeds,  190 
Vitellus,  609* 

Viviparous  reproduction,  588,  603 
Voluntary  motions,  685,  729 
Vol  vox  globator,  148 
Vorticella,  148 


W. 


Wasp,  vegetating,  97 

Water,  influence  of  salt,  228 

Watson,  Bishop,  his  experiments  on  Vege- 
table Exhalation,  498 

Whale,  227  n,  239,  304  (see  Cetacea) 

Wheel-animalcules,  126 

White  matter  of  nerves,  68,  69,  717 

of  eggf  414 

Whortleberry,  ovarium  of,  81 

Will,  influence  of,  685,  729 

Wings  of  Vertebrata,  233,  235 

Insects,  122  n,  233  n,  465 

Wolffian  bodies,  658,  659 

WoUaston,  his  theory  of  secretion,  573 

Wood,  structure  of,  in  Exogens,  77;  in 
Endogens,  78;  formation  of,  404,  412 

Woodward,  Dr.,  his  experiments  upon 
Vegetable  Exhalation,  498 

Woody  fibre,  30 ;  glandular,  30,  83 


Y. 


Yeast-plant,  98 
Yolk-bag,  609,  656,  659 
Yolk  of  egg,  609 

Young  animals,  respiration  in,  temperature 
of,  563 

Z. 

Zona  pellucida,  649,  650 
Zoophytes,  145 


THE    END. 
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